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Introduction

The wind power industry is in an era of substantial
growth, both globally and in the United States. With
the market evolving at such a rapid pace, keeping up
with trends in the marketplace has become increasingly
difficult. Yet, the need for timely, objective information on
the industry and its progress has never been greater. This
report — the first in what is envisioned to be an ongoing
annual series - attempts to fill this need by providing a
detailed overview of developments and trends in the
J.S.wind power market, with a particular focus on 2006.

The report begins with an overview of key wind
development and installation-related trends, including
trends in capacity growth, turbine make and model,and

among developers, project owners, and power purchasers.

It then reviews the price of wind power in the market, and
how those prices compare to wholesale power prices.

The report then turns to a review of trends in installed
wind project costs, wind turbine transaction prices, project
performance, and operations and maintenance expenses.
Finally, the report examines other factors impacting the
domestic wind power market, including grid integration
costs, transmission issues, and policy drivers. The report
concludes with a brief preview of possible developments
in 2007.
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A note on scope: This report concentrates on larger-
scale wind applications, defined here as individual
turbines or projects that exceed 50 kW in size. The U.S.
wind power sector is multifaceted, and also includes
smaller, customer-sited wind applications used to power
the needs of residences, farms, and businesses. Data
on these applications, if they are less than 50 kW in size,
are not included here. Much of the data included in
this report were compiled by Berkeley Lab in multiple
databases that contain historical information on wind
power purchase prices, capital costs, turbine transaction
prices, project performance, and O&M costs for many of
the wind projects in the United States. The information
included in these databases comes from a variety of
sources (see the Appendix), and in many cases represents
only a sample of actual wind projects installed in the
U.S. As such, we caution that the data are not always
comprehensive or of equal quality, so emphasis should be
placed on overall trends in the data, rather than individual
data-points. Finally,each section of this document
focuses on historical market data or information, with
an emphasis on 2006; we do not seek to forecast future
trends.




U.S. Wind Power Gapacity Increased
by 27% in 2006 5000 -

Cumulative Capacity (MW)

5 T 12,000
The U.S.wind power market Annual U.S. Capacity (left scale)
continued its rapid expansion 2,500 e==== Cymulative U.S. Capacity (right scale) | o - 10,000
in 2006, with 2,454 MW of new capacity s
added, for a cumulative total of 11,575 = 2000 8,000
MW (Figure 1). This growth translates g
into more than $3.7 billion (real 2006 1909 6,000
dollars) invested in wind project B
) P , . £ 1,000 4,000
installation in 2006, for a cumulative & '
total of more than $18 billion since the
500 N . B TP . 2000
1980s.1 ;‘ !
The yearly boom-and-bust cycle 0! = —— = ~ 0
that Charaderized the USWlnd n\arket 1982 1983 1984 1985 1986 1987 1986 1989 199¢ 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
from 1999 through 2004 ~ caused by Source. AWEAJGEC database.
periodic, short-term extensions of the Figure 1. Annual and Cumulative Growth in U.S. Wind Power Capacity
federal production tax credit (PTC) ~
ended in 2006, with two consecutive
years of sizable growth. In fact,. 2006 100% 7 gy = RRRREELRERIEIRS B Cumulative Non-U.S, Capacity (ightscale) |~~~ T 80
was the Iarge.St yearon rec?;;j_ n o 0% R Cumulative U.S. Capacity (right scale) |-+~ - 72
the U.S.for_wmd capacity a mo,n,s’ £ 80% § B SRR 2 U.S. Proportion of Annual Growth (left scale) | ------- - - 64
barely edging out year-2005 additions. &
. . = 0% L L L PR T L 56
Federal tax incentives, state renewable 3
. . 00 A -8 | B b b b e -
energy standards and incentives,and < 60% 48
continued uncertainty about thefuture 3 0% | 1| ] k) b4 ] oy - 40
cost and liabilities of conventional § 40% b fl e R Pl - 32
natural gas and coal facilities helped S30%A P L e L 24
spur this growth. :: ol B TN F T O 16
Also for the second consecutive = 0% - | E N § . L8
year, wind power was the second- ov Ml Ll L VL e W e HPERE o
Iargest new resource added to 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
the U.S.electrical grid in terms of Source: Earth Poficy Institute; BTM Consult; AWEA/GEC dataset

nameplate capacity, well behind the
more than 9,000 MW of new natural
gas plants, but ahead of new coal, at
600 MW. New wind plants contributed roughly 19% of new nameplate Table 1. International Rankings of Wind Power Capacity
capacity added to the U.S. electrical grid in 2006, compared to 13% in 2005.

Figure 2. The United States’ Gontribution to Global Wind Capacity

Cumulative Capacity Incremental Capacity

(end of 2006, MW) (2006, MW)
5 Germany 20,652 us 2,454
The United States Leads the World i e ooy e
in Annual Gapacity Growth us 11,575 India 1,840
India 6,228 Spain 1,587
On a worldwide basis, more than 15,000 MW of wind capacity was Denmark 3.101 China 1,334
added in 2006, up from roughly 11,500 MW in 2005, for a cumulative total China 2,588 France 810
of more than 74,000 MW. For the second straight year, the United States Italy 2,118 Canada 776
led the world in wind capacity additions (Table 1), with roughly 16% of the UK 1,967 UK 631
worldwide market (Figure 2). Germany, India, Spain,and China round out Partugal 1,718 Portugal - - 629
the top five (Table 1). In terms of cumulative installed wind capacity, the France 1,585 lialy a7
U.S.ended the year with 16% of worldwide capacity, in third place behind Rest of Wold 11,102 Rest of World 2,305
Germany and Spain. So far this century (i.e., over the past seven years), TOTAL 74246 TOTAL 15,016

wind power capacity has grown on average by 24% per year in the U.S,, Source: BTM, 2007; AWEA/GEC, dataset for U S. cumulative capacity.

compared to 27% worldwide.2

1 These investment figures are based on an extrapolation of the average project-level capital costs reported later in this report. Annual O&M, R&D, and
manufacturing expenditures would add to these figures.

2 Yearly and cumulative installed wind capacity in the U.S.is from the AWEA/GEC database, while global wind capacity largely comes from 8TM Consult (but
updated with the most recent AWEA/GEC data for the U.S.). Modest disagreement exists among these data sources and others, e.g., Windpower Monthly and
the Global Wind Energy Council.
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Several countries have achieved high levels of wind power
penetration in their electricity grids. Figure 3 presents data on
and-of-2006 installed wind capacity, translated into projected
annual electricity supply based on assumed country-specific
capacity factors, and divided by projected 2007 electricity consump-
tion. Using this rough approximation for the contribution of wind
to electricity consumption (which, for example, ignores transmission
losses), and focusing only on the ten countries with the most wind
capacity, end-of-2006 installed wind is projected to supply more
than 20% of Denmark’s electricity demand, roughly 9% of Spain’s,
and 7% of Portugal’s and Germany’s. In the U.S, on the other hand,
the cumulative wind capacity installed at the end of 2006 would,
in an average year, be able to supply roughly 0.8% of the nation’s
electricity consumption? ~ just below wind'’s estimated 0.9%
contribution to electricity consumption on a worldwide basis.

Texas, Washington, and GCalifornia Lead
the U.S. in Annual Capacity Growth

New large-scale4 wind turbines were installed in 22 states in
2006. As shown inTable 2 and Figure 4, leading states in terms of
2006 additions include Texas, Washington, California, New York, and
Minnesota. As for cumulative totals, Texas surpassed California in
2006, and leads the nation with 2,739 MW, followed by California,
lowa, Minnesota, and Washington. Twenty states had more than
50 MW of wind capacity as of the end of 2006, with 16 of these
states achieving more than 100 MW and six topping 500 MW.
Although all wind power development in the U.S.to date has
“yeen onshore, offshore development activities continued in 2006
see Text Box 1).

Assuming (inaccurately) that all in-state wind is used in-state,
New Mexico could meet more than 7% of its total retail electricity
sales with wind power installed as of the end of 2006 (Table 2). End-
of-2006 installed wind capacity could serve more than 5% of the
electricity needs of lowa, North
Dakota, and Wyoming. Twelve 25%
states had enough in-state wind
capacity at the end of 2006 to
meet more than 2% of in-state

retail electricity sales.5
5 15%

5%

Projected Wind Production as % of Electricity
Consumption (approximate, end of 2006)

0%

Denmark  Spain

20% EREEEEEE

10% {- 88Y%

Portugal Germany

Text Box 1. Offshore Wind Development Activities

In Europe, nearly 900 MW of wind had been installed
offshore by the end of 2006, typically in water depths of
25 meters or less. in contrast, all wind projects built in the
U.S.to date have been sited on land. Due to permitting
constraints and transmission bottlenecks for land-based
projects, however, as well as advances in technology and
potentially superior capacity factors for offshore facilities, there
is some interest in offshore wind.in severai parts of the United
States.

The table below provides a listing, by state, of active
offshore project proposals in the U.S, as of the end of 2006
(note that these projects are in various stages of development,
and that a certain amount of subjectivity is required in the
definition of “active”. As shown, offshore interest exists off of -
the Atlantic Coast and Texas. In addition, though no projects
have been officially. announced, some interest has been
expressed in the Great Lakes area,

sate P Capactty
Massachusetts 735 MW
Texas 650 MW
Delaware 600 MW
New Jersey 300 Mw
New York 160 MW
Georgia 10 MW
TOTAL 2,455 MW

1.5% 1.3%

08%  07% oy  09%

India UK ltaly us France China TOTAL

Source: Berkeley Lab estimates based on data from BTM and elsewhere.

Figure 3. Approximate Wind Power Penetration in Countries with the Most Installed Wind Capacity

3 Interms of actual 2006 deliveries, wind represented 0.64% of electricity generation in the U.S, and roughly 0.67% of national electricity consumption. These
figures are below the 0.8% figure provided above, because 0.8% is a projection based on end-of-year 2006 wind capacity.

4 We define"large-scale”turbines consistently with the rest of this report - over 50 kW.

5 Here we present wind generation as a percentage of retail electricity sales, rather than total electricity consumption. Wind generation on this basis represents
0.85% of U.S.sales, slightly higher than the 0.81% of nation-wide electricity consumption presented in Figure 3.
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Table 2. United States Wind Power Rankings: The Top 20 States GE Wﬂﬁ'ﬁﬁ ES ﬁh@ D@mﬂaﬁ'&
Cumulative Gapacity Incremental Capacity Approximate Percentage Turbine Manufacturer. with
]

({end of 2006, MW) (2006, MW) of Retail Sales* X .

Texas 2,739 Texas 774 New Mexico 73%  Siemens Gaining Market

California 2,376  Washington 428 - lowa 6.0% Share

lowa 931 California 212 North Dakota 51% ) . .

Minnesota 895  New York 185 Wyoming 51% GE Wind remained the dominant manufac-

Washington 818 Minnesota 150 Minnesota 3.8% turer of wind turbines supplying the U.S.market

Okiah 535 0 101 Okl : . in 2006, with 47% of domestic installations

d omg regon ahoma 3'50/" (down from 60% in 2005, and similar to its 46%

New Mexico 496 Kansas 101 Montana 3.3% market share in 2004).6 Siemens and Vestas also

Oregon 438  lowa : 99 Kansas 3.1% had significant U.S. installations, with Mitsubishi,

New York 370 New Mexico 90 Oregon 2.4% Suzlon,and Gamesa playing lesser roles (Figure

Kansas 364 - North Dakota 80 - Texas 2.3% 5). Siemens' move to the number two wind

Colorado 291 Oklahoma 60 - Washington 2.3% turbine supplier is particularly noteworthy, given

Wyoming 288 Colorado 60 - California 2.1% that it delivered no turbines to the U.S.market

Pennsylvania 179 Pennsylvania 50  Colorado 1.7% the previous year, after its acquisition of Bonus

North Dakota 178 Hawaii 41 South Dakota 1.5% in 2004. In part as a result, Vestas (along with GE

Montana 146 Montana 9 Nebraska 1.0% Wind) lost market share between 2005 (29%)

linois 107 Maine 9 Hawaii 1.0% and 2006 (19%) in the U.S.market.

Idaho 75 Massachusetts 2 Idaho 0.7% U.5.-based manufacturing of wind turbines

Nebraska 73 New Hampshire 1 New York 0.6% and components remained somewhat limited,

West Virginia 66 Rhode Island 07 WestVigiia ~ 06% " Partbecause of the uncertain continued

Wisconsin 53 Ohio 02  Pennsylvania 0.3% availability of the federal production tax credit

Restof U.S. 156 - Restof U.S. 0.3 RestofU.S. 0.02%

TOTAL 11,575 TOTAL 2,454 TOTAL 0.85% 6 Market share 'repc')rted hefe is in Mw tem}s,and is.
*Assumes that wind installed in a state serves that state's electrical load; ignores transmission losses. ﬁﬁ,ﬁﬂ,‘f)?n’;’;ﬁ?;ﬁ;';i,ﬁ"jf '(‘)’r'}fe',';the yearin question,

Source: AWEA/GEC database and Berkelgy Lab estimates.

1 Wind Projects == 1 MW
! & Cnline Prior to 2006
: o & Added in 2008

- Sodvte! Plafls, poovemap plalts com,
B GEGT, 2 Dhiisien of the BicbracHi)
Corustiion

Total:

Instatied capatty data are from the ‘\’;ﬂ“
HNEMGEC database. Losstions .
ara based on matching the database L
with Platts POWERmap data, tha ot
Fhysical descripfen in the dalabase,

arid othar avaslalle data seurees,

Wind Power Capacity U5, Department of Enargy
Megawatis (W) Haticns] Renewsitle Erstgy Laboratory
000 « 3,000
0 1,400
20100

120

k=
HE 42
41}

Figure 4. Size and Location of Wind Power Development in the U.S.
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(PTC). That said, a new U.S.-based
manufacturer - Clipper Windpower
- isin the process of significant
2xpansion, and a growing list of
foreign turbine manufacturers have
begun to localize some of their
manufacturing in the United States.
In 2006, for example, new manufac-
turing plants sprung up in lowa
(Clipper), Minnesota (Suzlon),and
Pennsylvania (Gamesa). GE has also
maintained a significant, domestic
wind turbine manufacturing Suzlon

Mitsubishi
5%

Mitsubishi
8%

Suzlon
. o . 1% 4%
presence,in addition to its inter- Other Giamesa Gamesa

. PTIIR] 0 )

national facilities that serve both 0.4% 2h 0.1% 2%
the US.and global markets Source: AWEA/GEC wind project database

Figure 5. Annual U.S. Market Share of Wind Turbine Manufacturers by MW, 2005 and 2006

" " 1.8 7 o
Average Turbine Size ] 1.60 M
Continues to Increase < (4]
=

The average size of wind turbines @ 121
installed in the U.S.in 2006 increasedto & .
roughly 1.6 MW (Figure 6). Since 1998- & 0
99,7 average turbine size has increased e
by 124%. Table 3 shows how the g 06 1
distribution of turbine size has shifted 2 04
sver time; nearly 17% of all turbines 02
installed in 2006 had a nameplate ’
capacity in excess of 2 MW, compared " 1996-99 2000-01 2002-03 2004-05 2006
to just 0.19% of turbines installed in 2002 1,418 turbines 1,987 turbines 1,784 turbines 1,937 turbines 1,532 turbines
through 2003 and 2004 through 2005. 1,013 MW 1,758 MW 2,125 MW 2,782 MW 2,454 MW

GEIS 1 .S‘MW Wlnd turbine remained the Sgurcg;AWEA/GECpmject database.

nation's most-installed turbine in 2006. Figure 6. Average Turbine Size Installed During Period

Table 3. Size Distribution of Number of Turbines over Time

1998-99 2000-01 2002-03 2004-05 2006
1,013 MW 1,758 Mw 2,125 MW 2,782 MW 2,454 MW
Turbine Size Range 1,418 turbines 1,987 turbines 1,784 turbines 1,937 turbines 1,532 turbines

0.00 to 0.5 MW 1.3% 0.4% 0.5% 1.9% 0.7%
0.51 t0o 1.0 MW 98.4% 73.9% 44.2% 17.6% 10.7%
1.01 t0 1.5 MW 0.0% 25.4% 42.8% 56.6% 54.2%
1.511t0 2.0 MW 0.3% 0.4% 12.3% 23.9% 17.6%
2.011t0 2.5 MW 0.0% 0.0% 0.0% 0.1% 16.3%
2.5110 3.0 MW 0.0% 0.0% 0.1% 0.0% 0.5%

Source: AWEA/GEC project database

7 Except for 2006, Figure 6 (as well as Figures 10,22, 25 and 26,and Tables 3 and 5) combines data into two-year periods in order to avoid distortions related to
small sample size in the PTC lapse years of 2000, 2002, and 2004. Though not a PTC lapse year, 1998 sample size is also small, and is therefore combined with
1999.
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Developer Gonsolidation Accelerates

As demonstration of a growing and maturing domestic wind
industry, and as a result of the increased globalization of the wind
sector and the need for capital to manage wind turbine supply
constraints, consolidation on the development end of the business
continued the strong trend that began in 2005, with a large
number of significant acquisitions, mergers, and investments,
Table 4 provides a listing of acquisition and investment activity
among U.S.wind developers in the 2002 through 2006 timeframe.
In summary, 13 transactions totaling roughly 35,000 MW of in-
development wind projects (also called the development “pipe-
line") were announced in 2006, up from nine transactions totaling
nearly 12,000 MW in 2005, and only four transactions totaling less
than 4,000 MW from 2002 through 2004.8

A number of large companies have entered the wind develop-
ment business in recent years, including AES, Goldman Sachs,
Shell, BP, and John Deere, some through acquisitions and others
though their own development activity, or through joint develop-
ment agreements with others. Other active wind development
companies include (but are not limited to) FPL Energy, PPM Energy,
Iberdrola, Babcock & Brown, Airtricity, RES, UPC Wind, Invenergy,
Edison Mission, enXco, Clipper, Acciona, Enel, NRG Energy (Padoma),
Gamesa, Cielo, Noble Environmental Power, Exergy, U.S.Wind Force,
Wind Capital Group, Foresight, Western Wind, and Midwest Wind
Energy.

Table 4. Merger and Acquisition Activity among U.S. Wind Development Companies*

Investor Transaction - Developer Announced
Type
EDF (SIIF Energies) Acquisition enxco May-02
Gamesa Investment Navitas Oct-02
AES Investment - US Wind Force Sep-04
PPM Energy Acquisition - Atlantic Renewable Energy Corp. Dec-04
AES Acquisition SeaWest Jan-05
Goldman Sachs Acquisition. - Zilkha (Horizon) Mar-05
JP Morgan Partners [nvestment . Nobie Power Mar-05
Arclight Capital Investment - CPV Wind Jul-05
Diamond Castle Acquisition Catamount , Oct-05
Pacific Hydro Investment -~ ~ Western Wind Energy Oct-05
Greenlight Acquisition Coastal Wind Energy LLC Nov=05
EiF U.S. Power Fund [i Investment - - Tierra Energy, LLC Dec-05
Airtricity Acquisition Renewable Generation Inc. Dec-05
Babcock & Brown Acquisition G3 Energy LLC Jan-06
Iberdrola Acquisition Community Energy Inc. Apr-06
Shaw/Madison Dearborn . - Investment . - UPC Wind May-06
NRG Acquisition Padoma Jun-06
CPV Wind Acquisition . Disgen Jul-06
BP Investment - - Clipper Jui-06
BP Acquisition Greenlight Aug-06
Babcock & Brown Ac‘quisition Superior Aug-06
Enel Investment - - TradeWind Sep-06
Iberdrola Acquisition  Midwest Renewable Energy Corp. Oct-06
Iberdrola Acquisition Gamesa’s U.S. project pipeline Oct-06
Iberdrola Acquisition PPM (Scottish Power) Dec-06
BP Acquisition Orion Energy Dec-06

* Select list of announced transactions; excludes joint development activity.

Source: Berkelgy Lab and Black & Veateh.

8 Consolidation and investment continues in 2007 - as of May, an additional four transactions, totaling more than 15,000 MW of wind project pipeline, have
been announced (most prominently, these transactions include Goldman Sachs' sale of Horizon Wind to EDP).
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Innovation and Competition in Non-Utility
Wind Financing Persists

A variety of innovative ownership and financing structures have
been developed by the U.S.wind industry in recent years to serve
the purpose of allowing equity capital to fully access federal tax
incentives, The two most common structures employed in 2006
were corporate balance-sheet finance (e.g, that used by FPL Energy)
and so-called “flip” structures involving institutional “tax equity”
investors (e.g., the“Babcock & Brown model”).9 Both of these
structures typically involve no debt at the project level, though
some project developers involved in flips are increasingly employ-
ing so-called "back leverage”to debt-finance their own equity stake
in the project (likewise, FPL Energy and others may finance portions
of their balance sheet with debt). Although these all-equity project
structures dominated the market in 2006, term debt still played a
role in several new project financings, as well as in refinancings of
existing projects and portfolios. Debt providers also offered shorter-
term turbine supply loans, construction debt, and back leverage
(i.e, at the sponsor, rather than project, level).

The year 2006 saw a continued expansion of the number of
equity and debt providers to wind projects: there were at least
a dozen tax-equity investors involved in 2006 projects (up from
just three a few years ago),and eleven banks acting as lead debt
arrangers (up from just a few several years ago). This ongoing
infusion of willing capital has continued to drive down the cost of
both equity and debt: anecdotal information suggests that the cost
of tax equity for high-quality, well-structured deals has declined
by approximately 300 basis points (3%) in the past four years,
while interest rate margins on debt transactions have declined by
approximately 50 basis points (0.5%) over the same period. This
trend towards cheaper capital has helped to dampen the impact
of recently-rising wind turbine costs on wind power prices.

Utility Interest in Wind Asset Ownership
Strengthens;

are owned by local electrical utilities, the vast majority of which
are investor-owned utilities (fOUs), as opposed to publicly owned
utilities (POUs). Community wind power projects — defined here
as projects owned by towns, schools, commercial customers, and
farmers, but excluding publicly owned utilities - constitute the
remaining 4% of 2006 projects. Of the cumulative 11,575 MW of
installed wind capacity at the end of 2006, IPPs owned 85% (9,817
MW), with utilities contributing 13% (1,190 MW for JOUs and 309
MW for POUs),and community ownership just 2% (258 MW),

Though still a small contributor overall, community wind power
projects have grown from just 0.2% of total cumulative U.S.wind
capacity as recently as 2001 to 2.2% at the end of 2006. This growth
has come despite sizable barriers, including the challenge of
securing small turbine orders in the midst of the current turbine
shortage. However, with help from both state and federal policies
that specifically or differentially support community wind power
projects, including USDA Section 9006 grants, community-scale
wind continues to fare well in certain states, including Minnesota
and lowa.

Merchant Plants and Sales to Power
Marketers Are Significant

Investor-owned utilities (IQUs) continue to be the dominant
purchasers of wind power, with 47% of new 2006 capacity and 58%
of cumulative capacity selling power to |IOUs (see Figure 8). Publicly
owned utilities (POUs) have also taken an active role, purchasing the
output of 14% of both new 2006 and cumulative capacity.

The role of power marketers - defined here as corporate inter-
mediaries that purchase power under contract and then re-sell that
power to others, sometimes taking some merchant risk10 - in the
wind power market has increased dramatically since 2000. As of the
end of 2006, power marketers were purchasing power from 16% of
the installed wind power capacity in the U.S, though these entities
purchased the output of just 7% of the new projects built in 2006.

12 4 e B TR DT UU PP PIRIN )
a - 2006 C: b
G@mmumﬁy Wind 11 {{ 8 Community w@?‘%ﬁﬁi !
10 Publicly Owned Utility (POU)
GW@WS M@degﬁy g Investor-Owned Utility (I0U)
Another sign of the increased Independent Power Producer (IPP)

maturity and acceptance of the
wind sector is that electric utilities
have begun to express greater
interest in owning wind assets.

As shown in Figure 7, private
independent power producers
(IPPs) continued to dominate the
wind industry in 2006, owning 71%
of all new capacity. As demonstra-
tion of a growing trend, however,
25% of total wind additions in 2006

Cumulative Installed Capacity (

O - N W RO N WO
PR SR W SR R WO ST |

1998

1999
Source: Berkeley Lab estimates based on AWEA/GEC wind project database.

2000

2001

POU:
26 MW (1%)

Community:

2002 2003 2004 2005 2006 95 MW (4%)

Figure 7. Cumulative and Annual (2006) Wind Capacity Categorized by Owner Type

9 These two structures, along with five others currently used by the U.S.wind power industry, are examined in a forthcoming Berkeley Lab report.

10 Here we define power marketers to include not only traditional marketers such as PPM Energy, but also the wholesale power marketing affiliates of large
investor-owned utilities (e.g., PPL Energy Plus in PJM or TXU Wholesale in Texas), which may buy wind power on behalf of their load-serving affiliates,

Annual Report on U.S. Wind Power Installation, Gost, and Performance Trends: 2006




—
Ia+]
}

Increasingly, owners of wind
projects are taking on some
merchant risk, meaning that
some portion of their electric-
ity sales revenue is tied to
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2006 Capacity by
Off-Take Category

short-term or spot market
sales.’! The owners of 32%

of the wind power capacity
added in 2006, for example,

are accepting some merchant
risk, bringing merchant/quasi
merchant ownership to 11%

of total cumulative US. wind
capacity. The majority of this
activity exists in Texas and New
York - both states in which
wholesale spot markets exist,
where wind power may be able
to compete with these spot prices, and where additional revenue
is possible from the sale of renewable energy certificates (RECs).
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Wind Power Prices Are Up in 2006

Although the wind industry appears to be on solid footing, the
weakness of the dollar, rising materials costs, a concerted movement
towards increased manufacturer profitability, and a shortage of
components and turbines continued to put upward pressure on
wind turbine costs,and therefore wind power prices in 2006.

Berkeley Lab maintains a database of wind power sales prices,
which currently contains price data for 85 projects installed
between 1998 and the end of 2006. These wind projects total
5,678 MW, or 58% of the incremental wind capacity in the US.
over the 1998 through 2006 period.

The prices in this database reflect the price of electricity as sold
by the project owner,and might typically be considered busbar
energy prices.’2 These prices are
reduced by the receipt of any available

2001
Source: Berkeley Lab estimates based on AWEA/GEC wind project database.
Figure 8. Cumulative and Annual (2006) Wind Capacity Categorized by Power 0ff-Take Arrangement

Marketer:
174 MW (7%)

2002 2003 2004 2005 2006

power price (plus or minus one standard deviation around that
price) in each calendar year from 1999 through 2006. Based on

our limited sample of 7 projects built in 1998 or 1999 and totaling
450 MW, the weighted-average price of wind in 1999 was just under
$61/MWh (2006 dollars). By 2006, in contrast, our cumulative sample
of projects built from 1998 through 2006 had grown to 85 projects
totaling 5,678 MW, with an average price of $36/MWh (with the one
standard deviation range extending from $23/MWh to $49/MWh).
Although Figure 9 does show a slight increase in the cumulative
weighted-average wind power price in 2006, reflecting rising prices
from projects built in 2006, the cumulative nature of the graphic
mutes the degree of increase.

To better illustrate the 2006 price increase and, more generally,
changes in the price of power from newly built wind projects over
time, Figure 10 shows average wind power sales prices in 2006,
grouped by each project’s initial commercial operation date
(COD). Although our limited project sample and the considerable
variability in prices across projects installed in a given time period

state and federal incentives (e.g., the

PTC), and by the value that might be
received through the separate sale of
renewable energy certificates (RECs).13
As a result, these prices do not
represent wind energy generation
costs, and generation costs cannot be
derived by simply adding the PTC's
value to the prices reported here.

Wind Power Price (2006 $/MWh)

Based on this database, the
cumulative capacity-weighted

average power sales price from our 1999 2000
sample of post-1997 wind projects 7projects 10 projects
450 MW SB2MW

remains low by historical standards.
Figure 9 shows the cumulative
capacity-weighted average wind

Source: Berkelgy Lab database.

2001 2002 2003 2004 2005 2006
14 projects 30 projects 42 projects 54 projects 70 projects 85 projects
660 MW 1,541 MW 2,416 MW 3216 MW 4,309 MW 5,678 MW

Figure 9. Cumulative Gapacity-Weighted Average Wind Power Price over Time

11 Though, even in these cases, hedging transactions are commonly used to mitigate price risk.

12 These prices will typically include interconnection costs and, in some cases, transmission expansion costs that are needed to ensure delivery of the energy to

the purchaser.

13 Only 9 of the 85 projects in our sample appear to receive additional revenue (beyond the bundled power price reported) for the sale of RECs. See Figure 11

for more information on these 9 projects.
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Figure 12. Map of Regions and Wholesale
Price Hubs Used in Analysis
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Most of the wind power transactions
identified in Figures 9 through 11 reflect the
sale of both electricity and renewable energy
certificates (RECs), but for at least 9 of these
projects, RECs are or can be sold separately to
earn additional revenue. REC markets are
highly fragmented in the U.S., but consist of
two distinct segments: compliance markets in
which RECs are sold to meet state RPS obliga-
tions,and green power markets in which RECs
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Wind Appears GCompetitive in Wholesale
Power Markets, but Rising Costs Are
starting to Erode that Value

The wind power prices presented in the previous section do not
encompass the full costs or benefits of wind power. As mentioned,
the prices do not universally include the value of RECs,and are
also suppressed by virtue of federal and, in some cases, state tax
and financial incentives. Furthermore, these prices, which typically
represent only the busbar cost of energy, do not fully reflect
integration or transmission costs, or the value of wind power
in reducing carbon emissions and fuel price risk.

2006 $/MWh

! Nationwide Wholesale Power Price Range (for a flat block of power)
7 Cumulative Capacity-Weighted Average Wind Power Price

Nevertheless, a simple comparison of these prices with recent
wholesale power prices throughout the United States demonstrates
that wind power has generally provided good value in wholesale
power markets over the past few years. Figure 13 shows the range
of average annual wholesale power prices for a flat block of power?7
going back to 2003 at 26 different pricing hubs located throughout
the country. Refer to Figure 12 for the names and approximate
locations of the 26 pricing hubs represented by the blue-shaded
area. The red dots show the cumulative capacity-weighted average
price received by wind projects in each year among those projects
in our sample with commercial operations dates of 1998 through
2006 (consistent with the data presented in Figure 9). At least on
a cumulative basis within our sample of projects, wind has consis-
tently been priced at
or below the low end of the
wholesale power price
range.'8

Though Figure 13 suggests
that wind projects installed
from 1998 through 2006
have, since 2003 at least, been
a good value in wholesale
markets on a simple, nation-
wide basis, there are clearly
regional differences in

1 1
2003 2004 2005

2006 wholesale power prices and
42 projects 54 projects 70 projects 85 projects in the average price of wind
2,416 MW 3,216 MW 4,309 MW 5,678 MW

Source; FERC 2006 and 2004 “State of the Market” reports, Berkeley Lab database.

igure 13. Average Cumulative Wind and Wholesale Power Prices over Time

power. These variations are
reflected in Figure 14, which
focuses on 2006 wind and
wholesale power prices in the
same regions shown earlier
in Figures 11 and 12, again

% based on our entire sample of
80 - - -| @ 2006 Average Wholesale Price Range By Region wind projects installed from
70 - == 2006 Min, Max, and Cap-Wgtd Avg Wind Price By Region 1998 through 2006. Although
*E: 60+ there is quite a bit of variabil-
S 50 ity within some regions, in
S 40- most regions the cumulative
Sad capacity-weighted average
20 = wind power price of our
104 I sample was below the range
0 Wind project sample includes projects built from 1998-2006 of average annual wholesale
Texas Heartland Mountain Northwest Great Lakes ' East California prices in 2006.
3 projects 36 projects 11 projects 11 projects 3 projects 9 projects 12 projects Figures 13 and 14 use
315 MW 2,070 MW 981 MW 897 MW 135 MW 589 MW 691 MW

Source: FERC 2006 "State of the Market" report, Berkeley Lab database.

Figure 14. Average Cumulative Wind and Wholesale Power Prices by Region

cumulative wind price data
for projects installed from
1998 through 2006, but wind
prices have risen in recent
years, and especially in 2006.

17 Though wind projects do not provide a perfectly flat block of power,as a common point of comparison, a flat block is not an unreasonable starting point. In
other words, the time-variability of wind generation is often such that its wholesale market value is not too dissimilar from that of a flat block of (non-firm)

power.

18 |t is worth noting that the comparison between wind power and wholesale prices in Figures 13-15 is, arguably, somewhat spurious for a number of reasons:
(1) wholesale power prices do not always reflect both the capital and operating costs of new generation projects, whereas our wind prices represent all-in
levelized costs; (2) in regions where capacity markets exist, wholesale prices presumably reflect only the value of energy, whereas wind projects may provide
both energy and limited capacity value; and (3) we have ignored relative transmission and integration costs, and the environmental and risk-reduction
benefits of wind power. Another way to think of Figures 13-15, however, is as representing the decision facing wholesale power purchasers - i.e, whether to
contract long-term for wind power or buy a flat block of (non-firm) spot power on the wholesale market. In this sense, the costs represented in Figures 13-15
are reasonably comparable, in that they represent what the power purchaser would actually pay in either case for power.
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Focusing just on those

projects in our sample that Wind project sample includes only projects built in 2006

were built in 2006 (as 60 o

opposed to 1998 through 50- —_— —_— <
2006) tells a more cautious = )
story. As shown inFigure 15, £ 40 o

only in the Heartland region g 394

was our sample of projects &

installed in 2006 consis- 20 [ Average 2006 Wholesale Power Price Range (for a fiat block of power)

tently priced below average 104 - © Individual Project 2006 Wind Power Price

regional wholesale prices 0

in that year. The recent Woarand  Northwest  Mountain  Califomia East TotalUS.
increase in wind power 3 projects 2 projects 2 projects 2 projects 1 project 10 projects
prices is clearly eroding, to a 160 MW 209 MW 150 MW 188 MW 26 MW 732 MW
degree, the strong competi-  gye rere 2006 “State of the Markei” report, Berkeley Lab database

tive position that wind held
relative to wholesale power ~ Figure 15. Wind and Wholesale Power Prices by Region: 2006 Projects Only

prices in the 2003 to 2005
timeframe.

Project Performance and Gapital Costs Drive Wind Power Prices

Wind power sales prices

Figure 16 shows a clear
relationship between project-
level installed costs and power
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are affected by a number sample includes 69 projects built from 1998-2006, totaling 5,040 MW
of factors, two of the most = 801 : S
important being installed g 70 -
project costs and project Z’é P B 7 7
performance.!? Figures 16 &
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sales prices for a sample of 10 A

more than 5,000 MW of wind 0 . . ’ . ‘ . ' ‘
projects instalied in the U.S. $1,000 $1,100 $1,200 $1,300 $1,400 $1,500 $1,600 $1,700 $1,800
Figure 17, meanwhile,demon-  sgurce: Berkeley Lab database Installed Cost (2006 $/kW)

strates a similarly striking
(inverse) relationship between
2006 project-level capacity 90 -

Figure 16. 2006 Wind Power Price as a Function of Installed Project Costs

factors and 2006 power sales 80 -
prices for a sample of nearly g
4,900 MW of installed U.S. £ 704
wind projects. The next few S 60 -
sections of this report explore S 50
.. &2 N
trends in installed costs and &
project performance in more g 40 4
[=
detail. < 30 4
=
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&
10 S
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20% 26% 30% 35% 40% 45% 50%
Source: Berkeley Lab database. 2006 Capacity Factor (%)

Figure 17. 2006 Wind Power Price as a Function of 2006 Capacity Factor

19 Operations and maintenance (O&M) costs are another important variable that affect wind power prices. A later section of this report covers trends in project-
level O&M costs.
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$2,500 1

installed in 2003 through 2006,

Average Cost by Region (+/— min and max)

Figure 20 shows that average - $225091
costs equaled $1,365/kW % $2,000 1 Average Cost Ttal U3
nationwide, but vary by region. < $1,750
Higher cost regions are shown S $1,500 4
to include New England, g $1,250 -
California, and the East, while g $1.000
Texas and the Heartland are £ 3;75 0
found to be the lowest cost 2
regions.20 3 $500
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. Heartland Texas
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Source: Berkeley Lab database

a Function of

Northwest 'Great Lakes' East l California

Mountain "New England
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Figure 20. Installed Wind Project Costs by Region: 2003 through 2006 Projects Only

Turbine Prices

Increases in wind power
prices and overall installed
project costs, not surprisingly,
mirror increases in the cost of

$1,600

1,400 4-

Orders <100 MW
Orders from 100 - 300 MW
4 Orders >300 MW

-—— Polynomial Trend Line

g
> 1
wind turbines. Berkeley Labhas & §1.:200
gathered data on 32 U.S.wind S $1,000
turbine transactions totaling s §800 4N
8,986 MW and spanning the 8
1997 through 2006 period. g §600-
Sources of transaction price data £
. @ $400
vary, but most derive from press £
releases and press reports. Wind 2 $200 4
turbine transactions differ in the 50
services offered (e.g., whether -9 -9 Jan-99

towers and installation are
provided, the length of the
service agreement, etc.), driving
some of the observed intra-year
variability in transaction prices.
Nonetheless, most of the transactions included in the Berkeley
Lab database likely include turbines, towers, erection, and limited
warranty and service agreements; unfortunately, because of data
limitations, we were to unable to determine the precise content
of many of the individual transactions.

Source: Berkeley Lab database

Despite these limitations, Figure 21 depicts reported wind-
turbine transaction prices for U.S.turbine sales, from 1997 through
2006. Since hitting a nadir in the 2000 through 2002 period, turbine
prices appear to have increased by more than $400/kW (60%),0n
average. Recent increases in turbine prices have likely been caused
by several factors, including the declining value of the U.S.dollar
relative to the Euro, increased materials and energy input prices
{e.g., steel and oil), a general move by manufacturers to improve
their profitability, shortages in certain turbine components, and an
up-scaling of turbine size (and hub height) and sophistication.2?
The shortage of turbines has also led to a secondary market in

¥ T T 13 T T T
Jan - 01 Jan-02 Jan-~03  Jan-04 Jan-05 Jan-06  Jan-07

Announcement Date

Jan~00

Figure 21. Reported U.S. Wind-Turbine Transaction Prices over Time

turbines, through which prices may be even higher than those
shown in Figure 21. Though by no means definitive, Figure 21 also
suggests that larger turbine orders (> 300 MW) may have generally
yielded somewhat lower pricing than smaller orders at any given
pointin time.

This trend of increasing turbine prices suggests that virtually the
entire recent rise in installed project costs reported earlier has come
from turbine price increases (recognizing that these prices reflect
the cost of turbines, towers, and erection). In fact,because our
sample of project-level costs has increased, on average, by just over
$200/kW during the last several years, while turbine prices appear
to have increased by $400/kW over the same time span, it appears
as if further increases in project costs should be expected in the
near future as the increases in turbine prices flow through to
project costs.

20 Graphical presentation of the data in this way should be viewed with some caution, as numerous factors influence project costs (e.g., whether projects are )
repowered vs.greenfield development, etc). As a result, actual cost differences among some regions may be more (or less) significant than they appear in [
Figure 20. Further statistical analysis of these project-level capital cost data will be made available later in 2007 in a forthcoming Berkeley Lab report,and
those results should provide a better basis for inter-regional comparisons.

21 More information on these factors will be available in a forthcoming Berkeley Lab report.

Annual Report on U.S. Wind Power Installation, Cost, and Performance Trends: 2006




Wind Project Performance Is Improving
Over Time

Though recent turbine and installed project cost increases have
driven wind power prices higher,improvements in wind project
performance have mitigated these impacts to some degree. In
particular, capacity factors have increased for projects installed
in recent years, driven by a combination of higher hub heights,
improved siting, and technological advancements.

Figures 22 and 23, as well as Table 5, present excerpts from a
Berkeley Lab compilation of wind project capacity-factor data.
The sample consists of 115 projects built between 1983 and 2005
totaling 7,918 MW (87% of nationwide, installed wind capacity at
the end of 2005).22 Though capacity factors are not the ideal metric
of project performance due to variations in the design and rating
of wind turbines, absent rotor diameter data for each project, we are
unable to present the arguably more relevant metric of electricity
generation per square meter of swept rotor area. Both figures and
the table summarize project-

projects installed within a given time period. Some of this spread is
attributable to regional variations in wind resource quality. Figure
23 shows the regional variation in 2006 capacity factors, based on a
sub-sample of wind projects built from 2002 through 2005. For this
sample of projects, capacity factors are the highest in Texas and the
Heartland (above 35% on average), and lowest in the Great Lakes
and the East (below 30% on average). Given the small sample size in
some regions, however, as well as the possibility that certain regions
may have experienced a particularly good or bad wind resource
year in 2006, care should be taken in extrapolating these results.

Though limited sample size is again a problem for many regions,
Table 5 illustrates trends in 2006 capacity factors over time, by
region. In the Heartland and Texas, the two regions with the largest
sample of projects in terms of installed MW, the average capacity
factor of projects installed in 2004 through 2005 (39%) is approxi-
mately 30% greater than that of the 1998 through 1999 vintage
projects in our sample (30%).

{

50%
45%

level capacity factors in the

& Capacity-Weighted Average 2006 Capacity Factor, by COD

year 2006, thereby limiting the
effects of inter-annual
fluctuations in the nationwide
wind resource. 23

5 40%

As shown in Figure 22,
capacity-weighted average
2006 capacity factors in the
Berkeley Lab sample increased

-8
0
- g
&

from 22.5% for wind projects Pre-1998 1998-99 2000-01 2002-03 2004-05
astalled before 1998, to 20 projects 20 projects 25 projects 25 projects 25 projects
936 MW 875 MW 1,741 MW 1,911 MW 2,455 MW

roughly 30% to 32.5% for
projects installed from 1998
through 2003, and to roughly
36% for projects installed

in 2004 through 2005. The
average capacity factor of
projects installed in 2004
through 2005 (36%) is
approximately 20% greater
than that of the 1998 through
1999 vintage projects in our
sample (30%).24

Though the overall trend

Source: Berkeley Lab database

50%

40%

30%

20%

2006 Capacity Factor

10%

Figure 22. 2006 Project Capacity Factors by Commercial Operation Date

is towards improved perfor- 0%

mance for more-recently Great Lakes East
installed projects, Figure 22 2 projects 5 projects
105 MW 415 MW

also illustrates a considerable
spread in project-level
capacity factors among

Source: Berkeley Lab database.

California Northwest Mountain Heartland Texas
7 projects 6 projects 6 projects 19 projects 5 projects
417 MW 529 MW 718 MW 1,644 MW 538 MW

Figure 23. 2006 Project Capacity Factors by Region: 2002 through 2005 Projects Only

22 Though some data for wind projects installed in 2006 are available, those data do not span an entire year of operations. As such, for the purpose of this
section, we focus on project-level 2006 capacity factors for projects with commercial online dates of 2005 and earlier.

23

Focusing just on 2006 means that the absolute capacity factors shown in Figure 22 may not be representative if 2006 was not a representative year in terms

of the strength of the wind resource. Though we have not formally investigated this question, an informal survey of individual project data suggests that
2006 was a fairly good wind year, at least relative to 2005. Note also that by including only 2006 capacity factors, variations in the quality of the wind resource
year in 2006 across regions could skew the regional results presented in Figure 23 and Table 5.

Conventional wisdom holds that new-project capacity factors will eventually decline as the best sites are developed and only lower-value wind resource sites

remain. Our data showing capacity factor improvements over time suggest that either we have not yet reached that point (i.e., excellent wind sites are still
being developed) or else some combination of higher hub heights, better turbine designs, and improved micro-siting have outweighed the presumed trend
towards lower-quality sites (or both). Though we have not formally investigated this issue, it seems likely that a combination of events — including all of those
listed here — are behind the apparent increase in capacity factors from more recent projects.
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Table 5. Capacity-Weighted Average 2006 Capacity Factors by Region and Commercial Operation Date
Gapacity

Factor _Heartland Texas Califurnia Mountain Northwest East ~ GreatLakes _ New England
Pre-1998  255% 19.6% 2% 0 - - = L
1998-99 301% 30.1% 300% 35.2% 301% — . 196% — ‘
- 2000-01 326% 31.8% 374% 30.1% 29.5% 222% 238% —
2002-03 349% 37.0% 30.1% 30:3% 31.1% 30.3% 21.9% —
2004-05 387% 38.9% 342% 41.0% 31.5% 26.7% 323% —

Sample # MW # MW # MW # MW # MW # MW # MW # MW

Pre-1998 1 % 1 4 17 8o — - - - 6
199899 6 447 3 139 4 174 3 68 i 5 3 2 -
2000000 4 197 7  o9n 1 67 4 123 3 338 5 76 i 3 -
200203 10 602 2 198 4 287 3 510 2 105 3 16 1 50 - @ —
200405 9 1042 3  3M 3 130 3 28 4 44 2 255 { 54
Total 30 2314 16 1622 29 1528 13 99 10 81 10 491 6 157 1 6

Operations and Maintenance Costs

insurance, and workers' compensation insurance, generally are not

Are Affected by P ﬁ’@g@ﬁ'& A@% and SEZ@, included. Given the scarcity and varying quality of the data, caution
should be taken when interpreting the results shown below. Note
@mm‘ﬂg @Eh@ﬁ’ F@Cﬁ@?% also that we present the available data in $/MWh terms, as if O&M
Operations and maintenance (O&M) costs are a significant represents a variable cost. In fact, O&M costs are in part variable,

component of the overall cost of wind projects,but canvary widely ~ and in part fixed25
among projects. Market data on actual project-level O&M costs for
wind plants are scarce. Even where these data are available, care
must be taken in extrapolating historical O&M costs given the
dramatic changes in wind turbine technology that have occurred
over the last two decades, not least of which has been the up-
scaling of turbine size (see Figure 6).

Figure 24 shows project-level O&M costs by year of project
installation. Here, O&M costs represent an average of annual ,
project-level data available for the years 2000 through 2006. For {
example, for projects that reach commercial operations in 2005,
only year 2006 data are available, and that is what is shown in the
figure.26 Many other projects only have data for a subset of years

Berkeley Lab has compiled O&M cost data for 89 installed wind during the 2000 through 2006 period, either because they were
plants in the U.S, totaling 3,937 MW of capacity, with commercial installed after 2000 or because a full time series is not available, so
operation dates of 1982 through 2005. These data cover facilities each data-point in the chart may represent a different averaging
owned by both independent power

producers and utilities, though data $70 : : . O Projects with no 2005/06 0&M data
since 2004 is exclusively from utility- o O © Projects with 2005/06 0&M data
owned plants. A full time series of $60 -

O&M cost data, by year, is available $50 o _ O

for only a small number of projects; O O O

in all other cases, O&M cost data are
available for just a subset of years of
project operations. Although the
data sources do not all clearly define
what items are included in O&M

0

$30 co¥

Annual 0&M Costs, Average of Available Data
from 2000~-06 (2006%/MWh)
R
3

QB @ O

costs,in most cases, the reported $101

values appear to include the costs
of wages and materials associated $0, a80 1985 1990 1085 00 -
with operating and maintaining Last Year of Equipment Installation

the facility, as well as rent (i.e. land
lease payments). Other ongoing
expenses,including taxes, property

Source: Berkeley Lab database; five data points suppressed to protect confidentiality.

Figure 24. Average 0&M GCosts for Available Data Years from 2000-2006, by Last Year of Equipment
Installation

25 Although not presented here, expressing O&M costs in units of $/kW-yr was found to yield qualitatively similar results. /

26 No 2006 projects are shown because we only use data from the first full year of project operations (and afterwards), which in this case would be year 2007
(for which data are not yet available). This makes projects that achieved commercial operations in 2005 the last in our series in this annual report (because
full-year 2006 data are available in some cases).
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period over the 2000 through 2006 timeframe. The chart also through 1999;from 6 to 15 data points per project-year for projects
identifies which of the data-points contain our most-updated data,  installed in 2000 through 2001;9 data points for projects installed in
from 2005 through 2006. 2002 through 2003; and 2 data points for projects installed in 2004
g I3 . . . . . . J

The data exhibit considerable spread,demonstrating that 0&m ~ through 2005)29 With this limitation in mind, the figure appears to
costs are far from uniform across projects. However, Figure 24 show that projects installed in 2000 and later have lower O&M costs
suggests that projects installed more recently have, on average, than those installed in 1998 and 1999, at least during the initial years
incurred much lower O&M costs. Specifically, capacity-weighted of operation. In addition, the data for project‘s insta}IIed in 1998
average 2000 through 2006 O&M costs for projects in our sample through 1999 show a general upwa!rd trend in Pro;ect—level oam
constructed in the 1980s equal $30/MWh, dropping to $20/MWh for ~ €osts over the first 6 full years of project operation, though the
projects installed in the 1990s,and to $8/MWh for projects installed ~ SamPple size after year four is quite limited.

in the 2000s.27 This drop in O&M costs may be due to a combina- Though interesting, the trends noted above are not necessarily
tion of at least two factors: (1) O&M costs generally increase as useful predictors of O&M costs for the latest turbine models.The
turbines age and component failures become more common; and U.S.DOE Wind Energy Program is currently funding additional
(2) projects installed more recently, with larger turbines and more efforts to better understand the drivers for O&M costs and compo-
sophisticated designs, may experience lower overall O&M costs on nent failures, and to develop models to project future O&M costs
a per-MWh basis. Given data limitations, we are unable to test the and failure events.
hypothesis that O&M costs have decreased as turbines have grown
in size.

In addition to turbine size, 0y e Last Year of Equipment Instailation: ———-

1998/99 (Average -+/— Std. Dev.)
2000/01 (Average +/- Std. Dev.)
R [1 2002/03 (Average +/— Std. Dev.)
3 2004/05 (Average +/~ Std. Dev.)

another variable that may
impact O&M costs is project size.
Figure 25 narrows in on projects
installed in 1998 or later,and
presents average O&M costs for
2000 through 2006 (as in Figure
24) relative to project size.8
Though substantial spread in the
data exists and the sample is too
small for definite conclusions,
Jroject size does appear to have
some impact on average O&M $0

$30 1

$20

$10

Annual 0&M Costs, Average of Available
Data from 2000-06 (2006 $/MWh)

o . 5 M B -
costs, with higher costs typically <5 Mw S-20 MW Project Size (VW) 20-50 MW

exper ienced by smaller projects.  spuree: Berkeley Lab database; averages shown only for groups of twe or more projects

More data would be needed to
confirm this inference. Figure 25. Average 0&M Costs for Available Data Years from 2000-2006, by Project Size

Finally, Figure 26 shows
annual &M costs over time, T st Yoar of Equipment nstallation (rojeots 3 Mwomyy T
based on the number of years $35 4 - - [ 1998/99 (Average +/-- Std. Dev)
since the last year of equipment 2000/01 (Average +/~ Std. Dev.)
instailation. Annual data for $30 4--- [ 2002/03 (Average +/— Std. Dev.)
projects of similar vintages are

O3 2004/05 (Average +/~ Std. Dev.)
averaged together, and data for
projects under 5 MW in size are
excluded (to avoid significant
economies of scale impacts on
the graphic). Note that, for each
group, the number of projects
used to compute the average $5 1
annual values shown in the 50
figure varies substantially (from
2 to 17 data points per project- Number of Years Since the Last Year of Equipment Installation
year for projects installed in 1998 Source: Berkeley Lab database; averages shown only for groups of two or more projects.

$25
$20 4
$15 4

$10 1

Annual 0&M Costs {2006 $/MWh)

Figure 26. Annual Average 0&M Costs, by Project Age and Last Year of Equipment Installation

7 Many of these latter projects may still be within their turbine manufacturer warranty period, in which case the O&M costs reported here may or may not
include the costs of the turbine warranty, depending on whether the warranty is paid up-front as part of the turbine purchase, or is paid over time,

28 Excluded from Figure 25 are average data bars that rely on just one data point.
29 Excluded from Figure 26 are average data bars that rely on just one data point.

Annual Report on U.S. Wind Power Installation, Cost, and Performance Trends: 2006




New Studies Find
That Integrating Wind

Date Stud!
into Power Systems y
Is Wﬁana@abﬂe, But 2003 Xcel-UWIG
Not Costless 2003 We Energies
During the past several years, 2003 - We Energies
there h?s ?eenla Fonsiiilfrabli 2004 Xcel-MNDOC
amount of analysis on the poten- i
tial impacts of wind energy on 2005 PacifiCorp
power systems, typically respond- 2006 © CA RPS (multi-year)
ing to concerns about whether the 2006 Xcel-PSCo
electrical grid can accommodate
significant new wind additions, 2006 - Xcel-PSCo
and at what cost. The sophistica- 2006 MN-MISO 20%

tion of these studies has increased
dramatically in recent years,
resulting in a better accounting of
wind's impacts and costs (recall that these “integration costs” were
notincluded in the busbar wind power prices presented earlier).

* 3-year average

Source: National Renewable Energy Laboratory.

Table 6 provides a selective listing of results from major wind
integration studies completed from 2003 through 2006. Because
methods vary and a consistent set of operational impacts has not
been included in each study, results from the different analyses are
not perfectly comparable. Nonetheless, the key findings of two
major new studies completed in 2006 in Colorado and Minnesota
are broadly consistent with those in earlier work, and (at a mini-
mum) show that wind integration costs are generally approximately
$5/MWHh, or less, for wind capacity penetrations3© up to about 15%
of the local/regional peak load in which the wind power is being
delivered3' Regulation and load-following impacts are generally
found to be small, whereas the impacts of wind on unit commit-
ment are more significant.32

Transmission Is an Increasingly
Significant Barrier to Wind, but Solutions
Are Emerging

Relatively little investment has been made in new transmission
over the past 15 to 20 years,and in recent years it has become clear
that lack of transmission access and investment are major barriers
to wind development in the U.S. New transmission facilities are
particularly important for wind resource development because
of wind’s locational dependence and distance from load centers.

In addition, there is a mismatch between the short lead times for

Table 6. Key Results from Major Wind Integration Studies Compieted 2003-2006

Wind Cost ($/MWh)
Pg:gt?g%n Regulation Fo:ig\ellv(ifng Comumnitrtment Sgsgly TOTAL
3.5% 0 0.41 1.44 na 1.85
4% 112 0.09 0.69 na 1.90
29% 1.02 0.15 1.75 na 2.92
15% 0.23 na 437 na 4.60
20% g 1.6 3 na 4.60
4% 0.45* trace na na 045
10% 0.2 na 2.26 1.26 3.72
15% 0.2 na 3.32 1.45 4.97
31% na na na na 4,417

** highest over 3-year evaluation period

developing wind projects and the lengthier time often needed to
develop new transmission lines. Furthermore, wind's relatively low
capacity factor can lead to underutilization of new transmission
lines that are intended to only serve wind. The question of “who
pays?”for new transmission is also of critical importance to wind
developers and investors. Transmission rate pancaking, charges
imposed for inaccurate scheduling, and interconnection queuing
procedures have also sometimes been identified as impediments
to wind capacity expansion.

A number of developments occurred in 2006 that promise to
help ease some of these barriers over time. The U.S.DOE issued a
national transmission congestion study that designated southern
California and the mid-Atlantic coastal area from New York City to
northern Virginia as “critical congestion areas.”Under the Energy
Policy Act of 2005 (EPAct 2005), the U.S.DOE can nominate National
Interest Electric Transmission Corridors,and the Federal Energy
Regulatory Cornmission (FERC) can approve potential new transmis-
sion facilities in these corridors if states do not act within one year,
or do not have the authority to act,among other conditions.33
Separately, FERC issued a rule allowing additional profit incentives
for transmission owners on a case-by-case basis, also as required
by EPAct 2005, and thereby potentially encouraging greater
transmission investment.

In the West, the Western Governors Association adopted a
policy resolution through its Clean and Diversified Energy Advisory
Committee that included a goal of 30,000 MW of clean energy by
2015, with potentially significant contributions from wind power.
The recommendations of this committee to advance wind included

30 Wind penetration on a capacity basis (defined as nameplate wind capacity serving a region divided by that region’s peak electricity demand) is frequently
used in integration studies. For a given amount of wind capacity, penetration on a capacity basis is typically higher than the comparable wind penetration in

energy terms,

31 The recently completed study in Minnesota found that a 25% wind penetration within the state, based on energy production (31% based on capacity), would
cost $4.41/MWh or less. This low cost at such a high penetration rate is caused, in part, by the extensive interactions with the Midwest Independent System
Operator (MISO) markets. The low cost found in the California study is partly a reflection of the limited number of cost factors that were considered in the

analysis.

32 A number of additional wind integration analyses are planned for 2007, including a study of even-higher wind power penetrations in Colorado, the
completion of the California Intermittency Analysis Project,and further work in the Pacific Northwest. Studies evaluating wind integration in the Southwest,

and perhaps throughout the West, are also in the early planning stage.

33 The U.S.DOE has since issued draft National Interest Electric Transmission Corridor designations for the two regions identified above and, as of this writing, is

receiving comments on this draft designation.
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not only transmission expansion, but also more efficient use of the
existing transmission grid through new transmission products such
3s“conditional firm"transmission service. Conditional firm service
srovides firm transmission service except during times of peak
demand, when transmission could be curtailed.

At the state level, several states are proactively developing the
transmission infrastructure needed to accommodate increased
wind development. In 2006, Texas began the process of identifying
and creating Competitive Renewable Energy Zones: areas in which
renewable resource availability is significant and to which transmis-
sion infrastructure would be built in advance of installed generation,
with costs recovered through transmission tariffs. Meanwhile,
in California, progress was made in developing elements of the
Tehachapi transmission plan to access more than 4,000 MW of wind
power. In the Midwest, utilities continued preparing permit applica-
tions to the Minnesota PUC for the first group of proposed transmis-
sion lines under the Capital Expansion by 2020 (CapX 2020) plan, a
plan that would facilitate increased access to wind resources. Finally,
a large number of transmission projects that may include delivery
of wind power are in various stages of planning,including TransWest
Express, Frontier, Northern Lights, TOT3, Seabreeze West Coast Cable,
SunPath, and SunZia.34

Policy Efforts Continue to Drive Wind
evelopment

A variety of policy drivers have been important to the recent
expansion of the wind power market in the U.S. Perhaps most
sbviously, the continued availability of the federal production tax

the Energy Policy Act of 1992, the PTC provides a 10-year credit at
a level that equaled 1.9¢/kWh in 2006 (adjusted upwards, in future
years, for inflation). The importance of the PTC to the U.S.wind
industry is illustrated by the pronounced lulls in wind capacity
additions in the three years in which the PTC has lapsed: 2000,
2002, and 2004 (see Figure 1).

A number of other federal policies also support the wind
industry. Wind power property, for example, may be depreciated
for tax purposes over an accelerated 5-year period. Because tax-
exempt entities are unable to take direct advantage of tax incen-
tives, the Energy Policy Act of 2005 created the Clean Renewable
Energy Bond (CREB) program, effectively offering interest-free debt
to eligible renewable projects.35 Finally, Section 9006 of the 2002
Farm Bill established the USDA’s Renewable Energy and Energy
Efficiency program to encourage agricultural producers and small
rural businesses to use renewable and energy efficient systems.

State policies also continue to play a substantial role in directing
the location and amount of wind development. Berkeley Lab has
estimated that over the 2001 through 2006 timeframe, for example,
approximately 50% of the wind power capacity built inthe USS.
was motivated, to some extent at least, by state renewables portfolio
standards (RPS); this proportion grew to 60% for installations in
2006. Utility resource planning requirements in Western and
Midwestern states have also helped spur wind additions in recent
years, as has growing voluntary customer demand for“green”
power, especially among commercial customers. Additionally, state
renewable energy funds provide support for wind projects, as do
a variety of state tax incentives.

credit (PTC) has sustained industry growth. First established by (2%007)
Hi
(2005)
MA wi MD DC
(2003) (2000 (2006)  {2007)
ME CT NJ NY DE
(2000)  (2000)  (2001) (2006)  (2007)
IA MN AZ NV PA X NM CA RI MT WA
(2002) (2001)  (2001)  (2002)  (2002) (2003) (2007)  (2008)  (2012)
@=====P=sccoQuam==O % & & & & & @ e &
1983 1991 1994 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
A wi AZ il M cr NJ MY NJ
A WN WMN NI TX Wi
I Enactment (above timeline) pi T HI
() - Year of First Requirement cA
Major Revisions (below timeline) 27
Source: Union of Concerned Scientists (revised by Berkeley Lab). cT

Figure 27. Timeline of State RPS Enactments and Revisions

34 |mportant transmission developments have continued in 2007. In March 2007, FERC issued Order 890, which includes several provisions of importance to
wind, such as reform of Order 888 energy imbalance penalties; establishment of a“conditional firm”transmission service; and requiring transmission providers
to file transmission plans with FERC that meet certain principles. In April 2007, FERC approved in principle a proposal from the California ISO to establish a
new transmission interconnection category aimed at large-scale development of renewable energy facilities in defined geographic areas (including, most
immediately, Tehachapi). Finally, as already noted, in May 2007, DOE proposed two draft National Interest Electric Transmission Corridors, one in the Mid-

Atlantic region and one in the Southwest.

35 Such entities have also been eligible to receive the Renewable Energy Production Incentive (REPI), which offers a 10-year cash payment equal in face value to
the PTC, but the need for annual appropriations and insufficient funding have limited the effectiveness of REPI.
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Key policy developments in 2006 included:

« In December, the Tax Relief and Health Care Act of 2006 extended
the in-service deadline for the PTC by one year, allowing wind
projects that come on line through 2008 full access to the
10-year credit.

In November, the IRS announced the distribution of the first
$800 miillion in CREBs, including nearly $270 million for 112 wind
power projects totaling roughly 200 MW. One month later, the
Tax Relief and Health Care Act of 2006 added a second CREB
allocation of $400 million, with applications due mid-2007.

In August, a total of more than $17 million in grant awards were
announced under the Section 9006 grant program, including
$4.075 million for 14 wind projects totaling 28 MW in capacity.

« One new state (Washington) enacted an RPS, bringing the total
to 21 states and Washington D.C.at the end of 2006. Several
states revised their RPS requirements in 2006, in most cases
making them more stringent (see Figure 27).36

State renewable energy funds (in existence in more than

15 states), state tax incentives, utility resource planning require-
ments, green power markets, and growing interest in carbon
regulations all helped contribute to wind expansion in 2006.

Coming Up in 2007

Though transmission availability, siting and permitting conflicts,
and other barriers remain, 2007 is, by all accounts, expected to be
another excellent year for the U.S.wind industry. With the PTC now
extended through 2008, the American Wind Energy Association
and BTM Consult expect robust 25 to 30% growth in wind power
capacity in 2007, and strong growth should extend at least through
2008. With backing from industry and government, new efforts
to seriously explore ambitious long-term targets for wind power
commenced in 2006:a joint DOE-AWEA report that explores the
possible costs, benefits, challenges, and policy needs of meeting
20% of the nation’s electricity supply with wind power is planned
for completion in 2007.

Appendix: Sources of Data Presented
in this Report

Capacily Additions and Industry Trends

Data on wind power additions in the U.S.come from a database
maintained by the American Wind Energy Association (AWEA) and
Global Energy Concepts (GEC). Annual wind capital investment
estimates derive from multiplying the wind capacity data from the
AWEA/GEC dataset by weighted-average capital cost data, provided
elsewhere in the report. Data on non-wind electric capacity
additions come from the EIA. Data on active, proposed, offshore
wind development activity in the U.S.were compiled by NREL,
based on press reports and other data sources.

Global cumulative (and 2006 annual) wind capacity data come
from BTM Consult, with cumulative data revised to include the most

recent AWEA/GEC data on U.S.wind capacity. Historical cumulative
capacity data come from BTM Consult and the Earth Policy Institute.
Wind as a percentage of country sales is based on end-of-2006 wind
capacity data and country-specific assumed capacity factors from  {
BTM Consult’s "World Market Update 2006,” with the exception of

the U.S,, for which the underlying performance data presented in

this report are used. Country-specific projected wind generation

is then divided by projected electricity consumption in 2007, based

on actual 2004 consumption and a country-specific growth rate
assumed to be the same as the rate of growth from 2000 through
2004 (country-specific consumption and growth rates come from

ElA's International Energy Outlook; except for the U.S, where we use
projections from AEO 2007 for electricity consumption in 2007).

The wind project installation map of the U.S.was created by
NREL, based in part on the AWEA/GEC dataset and in part on Platts
data for the location of individual wind power plants. Effort was
taken to reconcile the GEC/AWEA dataset and the Platts-provided
project locations, though some discrepancies remain. Wind as
a percentage contribution to statewide electricity sales is based
on AWEA/GEC installed capacity data for the end of 2006 and the
underlying wind project performance data presented in this report.
Where necessary, judgment was used to estimate state-specific
capacity factors. The resulting state wind generation is then divided
by projected 2007 state retail electricity sales based on ElA-reported
2005 sales and ElA-projected regional consumption growth rates.

Turbine manufacturer market share and average turbine size
are derived from the AWEA/GEC dataset, and are based on turbine
installations in a given year (not turbine sales). Data on wind
developer consolidation and investment trends were compiled by
Berkeley Lab and Black & Veatch. Data on wind financing trends (
come from a forthcoming Berkeley Lab report. Wind project
ownership and power purchaser trends are based on a Berkeley
Lab analysis of the AWEA/GEC dataset.

Wind Power and Market Prices

Wind power price data are based on multiple sources, including
prices reported in FERC Electronic Quarterly Reports {in the case
of non-qualifying-facility projects), FERC Form 1,avoided cost data
filed by utilities (in the case of some qualifying-facility projects), pre-
offering research conducted by Standard & Poor’s and other bond
rating agencies, and a Berkeley Lab collection of power purchase
agreements. To reduce the possibility of non-representative outliers,
only wind power price data from the contiguous lower-48 states are
included.

Wholesale power price data were compiled by Berkeley Lab from
Table 3 of the FERC's “2006 State of the Markets Report”and Table 5
of the FERC’s “2004 State of the Markets Report.” For purposes of the
regional graphs (Figures 14 and 15), the California-Oregon Border
(COBY) pricing hub is considered part of the Northwest, while the
Texas wholesale price range considers prices in ERCOT as well as the
Southwest Power Pool (SPP).

REC price data were compiled by Berkeley Lab based on a review
of Evolution Markets” monthly REC market tracking reports.

36 Through April 2007, several additional states have strengthened their RPS requirements, including Minnesota, New Mexico, and Colorado. Other states are
considering enacting RPS policies in 2007,including New Hampshire and Oregon.
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Installed Project and Turbine Costs

Berkeley Lab used a variety of public and some private sources
»f data to compile capital cost data for a large number of U.S.wind
power projects. Data sources range from pre-installation corporate
press releases to verified post-construction cost data. Specific
sources of data inciude: EIA Form 412, FERC Form 1, various
Securities and Exchange Commission filings, various filings with
state public utilities commissions, Windpower Monthly magazine,
AWEA's Wind Energy Weekly, DOE/EPRI's Turbine Verification Program,
Project Finance magazine, various analytic case studies, and general
web searches for news stories, presentations, or information from
project developers. Some data points are suppressed in Figure 18
to protect data confidentiality. Because the sources are not equally
credible, little emphasis should be placed on individual project-level
data;instead, it is the trends in those underlying data that offer
insight. Only wind power cost data from the contiguous lower-48
states are included.

Wind turbine transaction prices were also compiled by Berkeley
Lab. Sources of transaction price data vary, but most derive from
press releases and press reports. In part because wind turbine
transactions vary in the services offered, a good deal of intra-year
variability in the cost data is apparent.

Wind Project Performance

Wind project performance data were compiled overwhelmingly
from two main sources: FERC Electronic Quarterly Reports and EIA
Form 906. Where discrepancies exist among our data sources, those
discrepancies are handled based on the judgment of Berkeley Lab
<taff. Only wind project performance data from the contiguous

ower-48 are included.

Wind Project Operations and Maintenance Costs

Wind project operations and maintenance costs come primarily
from two sources: EIA Form 412 data from 2001 to 2003 for private
power projects and projects owned by POUs,and FERC Form 1 data
for IOU-owned projects. Some data points are suppressed in Figure
24 to protect data confidentiality. Only O&M data from the contigu-
ous lower-48 states are included.

Other

The wind integration table (Table 6) is an updated version of
Table 2 in: Parsons, B, M. Milligan, et al.”Grid Impacts of Wind Power
Variability: Recent Assessments from a Variety of Utilities in the
United States” available at http://www.nrel.gov/docs/fy06osti/
39955.pdf. Data provided in the transmission and policy sections
of this paper were compiled by Berkeley Lab, NREL, and Exeter
Associates.
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Introduction

State Public Utility Commissions around the country are expressing increasing interest in energy efficiency
as an energy resource. However, traditional regulation may lead to unintended disincentives for the utility
promotion of end-use efficiency because revenues are directly tied to the throughput of electricity and gas
sold. To counter this “throughput disincentive,” a number of States are considering alternative approaches
intended to align their utilities’ financial interests with the delivery of cost-effective energy efficiency
programs. “Decoupling” is a term more are hearing as a mechanism that may remove throughput
disincentives for utilities to promote energy efficiency without adversely affecting their revenues.

In its July 14, 2004, resolution supporting efficiency for gas and electric utilities, the National Association of
Regulatory Utility Commissioners (NARUC) resolved “to address regulatory incentives to address inefficient
use of gas and electricity” (NARUC, 2004). In doing so, NARUC found that regulators are confronted with
questions about what ratemaking mechanisms would be most effective in achieving commission objectives,
satisfying the needs of utilities, and providing the greatest benefit to ratepayers. Decoupling represents a
departure from common regulatory practice, and States that are considering decoupling should approach this
with appropriate care. For States considering decoupling, this paper is intended to provide an
introduction and answer some of the most frequently asked questions, and to help determine if and
how decoupling might be used.

1. What is decoupling? In the electricity and gas sectors, “decoupling” (or “revenue decoupling”) is a
generic term for a rate adjustment mechanismn that separates (decouples) an electric or gas utility’s fixed
cost' recovery from the amount of electricity or gas it sells. Under decoupling, utilities collect revenues
based on the regulatory determined revenue requirement, most often on a per customer basis. On a periodic
basis revenues are “trued-up” to the predetermined revenue requirement using an automatic rate adjustment.

The result is that the actual utility revenues should more closely track its projected revenue
requirements, and should not increase or decrease with changes in sales. Since utilities will be protected
if their sales decline because of efficiency, proponents of decoupling contend that they are more likely to
invest in this resource, or may be less likely to resist deployment of otherwise economically beneficial
efficiency.” Decoupling is also being explored in the water utility sector, though this paper focuses on the
electricity and natural gas sectors.

2. How does decoupling work? Decoupling begins with the same rate case process as current
regulatory models use, so it is useful to review traditional ratemaking to understand how decoupling works.

How are rates are set under traditional regulation? With traditional regulation, the rates utilities can
charge are determined in a rate case, using the "cost of service” theory of regulation.’ Rates are set at a

" For our purposes “fixed costs” are those costs incurred to render service, which remain relatively constant
between rate cases. These typically include investment costs, including interest on debt and return on equity, and
unavoidable maintenance costs for power plants, transmission lines, gas pipelines, and other infrastructure, as well
as employee payroll. Variable costs are those which vary with the level of electric or gas output and include fuel
expenses, purchased power, and costs that vary broadly from month to month and are not included in decoupling
mechanisms. These are often addressed through fuel or other adjustment clauses under existing regulatory
practice.

: Decoupling advocates note that it removes a financial disincentive to energy efficiency, but may not create an
incentive. Some decoupling advocates also argue that decoupling can help remove barriers to the integration of
demand response and distributed resources.

3 Why are utilities prices set by regulation and based on their cost of service? Electricity and natural gas are
considered to be essential services, and it is in the interest of society to ensure that the businesses that provide
these services can pay for the costs of their operations and capital. Because these services are provided by
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level sufficient to allow the utility to recover costs incurred in providing service to its customers based on the
operating experience of a typical 12 month period (referred to as a “test year”). Test year expenses include
the commission-determined or -allowed rate of return on investinents. The utility’s revenue requirement is
determined by adding the total of these expenses and the allowed return on investment. The revenue
requirement is divided by the amount of sales in the test year to derive throughput based rates. In a rate case,
test-year sales and operating costs are typically adjusted to reflect “normal” weather. This can be based on a
model of future years, or it can be based on past years: test years based on forecasted experience are known
as future test years, while test years based on prior financial performance are referred as historical test years.
Regardless of the type of test year used, the resulting prices are what customers pay per unit of electricity or
gas that they use until rates are reset with next rate case.

How does traditional rate regulation create a throughput incentive? While prices are based on test
year information, after a rate case actual sales will almost always differ because the exact patterns of
customer use are complex to predict: weather, changes in the economy, demographic shifts, new end-use
technologies, additions or reductions in the number of customers, and many other factors can affect actual
sales. As a result, it is highly likely that the utility will sell more or less electricity or gas than had been
assumed for the test year during the rate case. However, fixed costs are likely to be predictable. In the
energy sector, the cost of service tends to have a large component of fixed costs associated with investments
like power plants, gas pipelines, and electric transmission lines. This makes it difficult, but not impossible,
for the utility to increase profits by cutting costs®. Revenues are much easier to increase, which means that
utilities have a strong incentive to increase revenues by increasing sales. For existing customers, sales
growth may not require a great deal of new infrastructure and in these cases, the utility’s fixed costs would
not go up with increased sales’. In these cases, increases in sales volumes translate into increased revenues
which in turn directly lead into increased profits. In fact, some observers have noted that because of the
link between profits and sales, a 1% increase in sales might lead to a 5% increase in profits (with
corresponding decreases in profits when efficiency reduces sales) (Harrington, 2007, 1994). Because the
utility makes more money and profit by selling more electricity or gas, this structure could theoretically
create a significant disincentive for utilities to encourage their customers to lower consumption through
energy efficiency.

3. How is decoupling different? Decoupling does not change the traditional rate case procedure but,
in its simplest form, adds an automatic “true-up” mechanism that adjusts rates between rate cases based upon
the over- or under-recovery of target revenues. As in the traditional rate case, a rate is set by determining the
revenue requirement and dividing it by expected sales’. Then, on a regular basis, prices are re-computed to

monopoly utilities, customers could be vulnerable to price exploitation. As a result, for over a century, prices
have been regulated by State PUCs to recover the utilities’ costs, while utilities have assumed an obligation to
provide service to the public.

* What about variable costs? Even though utilities’ fixed costs are high, they also see fluctuations in variable
items such as purchased power and the cost of fuels like coal or natural gas. These items are, in part, covered in
the rate set in a rate case, but unexpected costs are also covered through surcharges that are temporary in nature
and do not involve going through a whole rate case. Fuel Adjustment Clauses are an important variable cost that
is passed through directly to customers in most states. Decoupling is not applied to these variable components.

> For new customers, infrastructure costs may reflect regional patterns. In some regions of the country, adding
new customers may require high additional infrastructure costs: connecting a building full of new gas customers in
the urban areas of the Northeast may require a short new addition of pipe in an area with an existing distribution
system. In other areas, adding new customers means adding costly new infrastructure, such as building long
system additions to provide new gas service to rapidly-growing areas of the Southwest.

% In decoupling’s simplest form, prices are adjusted to maintain a constant target revenue; however, in most
applications of decoupling the target revenue is adjusted for changes in the customer base so that the revenue
target varies with the number of customers, but not on the basis of how much electricity or gas the utility sells.
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collect a target revenue based on actual sales volumes’. Decoupling mechanisms can be designed to be
adjusted on a monthly or quarterly basis, or some other regular interval.

The end result is that utilities should no
longer have an incentive to maximize
their sales because the rate of return does
not change within the revenue
requirement. Nor is there a disincentive to
promote efficiency.

Decoupling should have the effect of
stabilizing the revenue stream of a
utility because its revenues are no longer
dependent on sales. If sales increase, rates
drop in the next period; if sales decrease,
rates increase to compensate. Under
traditional rate regulation, there is little
oversight of earnings between rate cases,
and it may be years before rates are re-
aligned with actual revenue requirements.
Since decoupling adjusts actual revenues
to align them with revenue requirements,
its proponents argue that it reduces
regulatory lag.

4. What is the relationship between decoupling and incentives for energy efficiency?
If utilities are required to promote energy efficiency programs, their revenues may be affected through a
variety of mechanisms. Commissions can address these new costs by providing program cost recovery and
shareholder incentives, as well as by addressing the throughput issue.

A great deal has been written about incentives for energy efficiency, which is a related but different
discussion. While it can remove disincentives for utilities to promote efficiency, decoupling is net
designed to create an incentive for energy efficiency. Furthermore, as discussed above, there are other
methods that remove the throughput disincentive, although revenue decoupling may best balance the removal
of utility disincentives to energy efficiency while preserving customer incentives to deploy energy efficiency.

Some decoupling proponents have argued that removing disincentives is not enough. They contend that
the cost of efficiency programs should be included as part of the cost of service. Moreover, in order to make
efficiency investments profitable when compared to other possible investments that the utility could make,
such as power plants or transmission, performance incentives for efficiency would reward utilities that invest
in successful programs by allowing them to earn an equivalent rate of retwrn on those investments.
Conversely, some argue that incentives alone, without decoupling, are a better approach to driving
energy efficiency. They note that many utilities are doing little to promote additional sales of electricity and
the increases are customer-driven. Furthermore, some who have investigated decoupling note that in many
cases utility spending on efficiency is already effective, cost-effective and well-managed. (Connecticut
DPUC, 2006, NASUCA 2007 Resolution). In addition, large customers have argued that they may already
possess the means and incentives to enact energy efficiency measures, and that decoupling does little to
create new opportunities for efficiency in these markets (ELCON 2006).

" The target revenue can be the same as that used in the last rate case, or it too can be adjusted over time by
increasing or decreasing the average revenue per customer value. More information on alternatives to the Per-
Customer method is included later in the FAQ.
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Finally, some argue that utilities are not the best providers of energy efficiency. In this argument,
utilities are organizations designed to deliver kilowatt hours and therms to their customers, and are ill-suited
to champion products that “unsell” electricity or gas. Arguments have been made that taking utilities out of
the efficiency businesses and having that function played by a State, quasi-State, or private sector entity is a
preferable alternative to removing disincentives to their promoting efficiency (ELCON, 2006). In fact,
numerous examples exist of successful efficiency programs being delivered by non-utility providers.
However, some make the case that if utilities are required to examine efficiency as a resource comparable to
supply (generation) and delivery (transmission) resources, this may create a perverse tension between the
utility’s least-cost resource planning processes and the financial interest of its shareholders (Costello, 2006)
In situations where the utility is recast as a provider of energy services, rather than a strict provider of
kilowatt hours or therms, decoupling may help remove this tension (Costello 2006, NAPEE, 2006).

Some proponents of decoupling also note that even if a the utility is taken out of the efficiency business and
that function is played by a State, quasi-State, or the private sector, the problem of the effect of decreased
sales on utility revenues due to energy efficiency and the consequent decreased likelihood of the utility
receiving its authorized revenue requirement does not go away. In this argument, even if other entities are
responsible for providing energy efficiency services, the same need for decoupling still exists.

Whether decoupling will in itself result in increased efficiency is still the subject of debate. While no
major studies have been undertaken linking decoupling directly to increased efficiency activities at utilities,
anecdotally energy efficiency advocates point to strong increases in efficiency spending concurrent with
decoupling undertaken by utilities, in particular in the electricity sector, with examples such as Puget Energy
and PacifiCorp increasing activity and spending under decoupling and experiencing drop-offs in efficiency
spending when decoupling was rescinded (NRDC, 2001). However, a closer look at Consolidated Edison’s
efficiency spending while using decoupling (1993-1997) tells a different story: in this time period, efficiency
spending increased by all the regulated utilities in New York, whether they used decoupling or not.
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5. Is decoupling new? What States have implemented a decoupling mechanism?
Although only a few States have adopted it, decoupling itself is not a new idea; in fact, it has been
implemented in some parts of the country for decades. California has the most experience with decoupling,
having operated such a mechanism in the electricity sector from 1981 through 1996, and just recently
restarting the system in the State. Others that have implemented decoupling are detailed on the map below.

I1l. 1: States That Have Considered Electricity or Gas Decoupling

State has energy efficiency program, decoupling is not
used (10 states)

mu" State has energy efficiency program, decoupling was
proposed but not adopted (10 states)

- State has energy efficiency pragram, currently
investigating decoupling (4 states & DC)

State has energy efficiency program, decoupling has been
approved for at least one utility (9 states)

State has no energy efficiency program, decoupling has been Adapted from D. Dismukes, Louisiana State University,
approved for at least one utility (1 state) 2007

Note that some of these States have recently adopted decoupling (like Idaho), others have been using it for
some time (e.g. Maryland), some have considered and rejected it (e.g. Connecticut and Arizona), some have
discontinued using it (e.g. Maine) and others have discontinued, and then returned to using decoupling (e.g.
California).

6. Will decoupling raise customer bills? Because of the adjustment mechanism, some designs of
decoupling could potentially result in more frequent up-and-down changes in rates for consumers.
However, by increasing the frequency with which rates are brought into alignment with the PUC-approved
revenue requirement, the changes should be smaller, and the likelihood of a sharp hike or decline in rates
(common in traditional rate cases) may be reduced.

Decoupling could create higher bills for customers who do not participate in efficiency programs,
although proponents of decoupling argue that these reductions would be diluted across a wide enough
customer base to render any increases nearly unnoticeable. This may not occur, however, if decoupling is
applied to a small customer class, where the effect of conservation in rates may be more pronounced.

Of special concern is the impact on low-income users, who would be least able to respond to changes in bills.
Decoupling proponents note that this heightens the profile of targeted energy efficiency programs that serve
these customers, lowering their bills without impacting utility revenues.

Others with concerns about decoupling comment that unless it is designed to avoid doing so, decoupling
could create unfair transfers between customer classes. For example, if transfers between classes are
allowed, commercial and industrial customers who are ineligible to participate in residential efficiency
programs might see higher rates resulting from those programs.

This research document is presented for consideration by the membership of the National Association of Regulatory Utility
Commissioners (NARUC). This document does not necessarily represent any NARUC policy nor those of any of its members.

6




Will rates go up for customers who implement energy efficiency? Because they are consuming less, these
customers’ bills will go down. Rates for all customers under a decoupling mechanism may increase in the
short run when efficiency reduces sales because the utilities have to cover their costs and necessary returns
on investments. In the example above, if the utility is selling fewer kWh of electricity, but its revenue
requirement remains the same, each kWh will need to cover a greater share of the cost of service and will
need to be priced higher. However, any rate increases would be small, particularly when compared to
the benefits for customers engaging in conservation, and some analysis suggests the systemwide benefits
from increased efficiency may outweigh costs for all customers®, Moreover, if efficiency programs cut sales
without lessening fixed costs, under traditional regulation rate calculations would reflect that in the next rate
case anyway.

Will decoupling result in rampant rate instability? In the experience of some States, such as New York,
California, and Oregon, fluctuations in rates under decoupling were less than 1% for ratepayers in most
years, and never exceeded 4%. Customers may already see significantly greater rate variability through
surcharges for fuel and purchased power. Moreover, rate variability under decoupling may depend on a
number of factors, including the program design, but also including other factors, like economic and weather
variability. These examples and issues are discussed more in the section on “Does Decoupling Transfer Risk
to Customers” section, later in the FAQ.

In theory, decoupling adjusts rates to more closely maintain the underlying relationship between prices and
revenue requirements over time. This should lessen the likelihood of large-scale “rate shocks” in the
next rate case (though this may vary based on the frequency of the reconciliation.) There are other
mechanisms that can be put into place to reduce the frequency of large rate adjustments, including using a
balancing account, applying a “Rate-Adjustment Band,” or including a course-correction mechanism.
These are also discussed in more detail in the “Off-Ramps & Adjustments” section later in the FAQ.

How is decoupling different from having more fiequent rate cases? Decoupling does not change the rate
base and rate of return decided in a rate case. It is also worth remembering that decoupling affects revenue
only between rate cases: at the next rate case, the base rates are reset, using the mechanisms familiar to
regulators in traditional cost of service regulation. Some have argued that a utility would not need
decoupling if it regularly entered into rate cases. Decoupling proponents have replied that it is a mechanism
used to make utilities indifferent to sales as a function of profits, and that regular rate cases remain essential
but are not the same thing. Moreover, rate cases are expensive and time consuming, and most consider it
impractical to revise base rates with the frequency proposed for adjustments under decoupling. In the
1990s, Wisconsin revised its base rates each year but discarded this approach because of the effort involved
and the less-predictable incentive structure created for utilities by the short period between rate cases.’

7. Does decoupling transfer risk from the utilities to customers? Efficiency is not the only
variable that can affect sales. For example, an unexpectedly hot summer can increase sales, or an economic
downturn can drive commercial customers out of business and reduce sales. Under traditional regulation,

¥ Rates may go up to restore the lost distribution revenue, but utility bills could also drop as cost-effective
efficiency offsets the need to purchase more expensive kilowatt-hours or therms. In this case, the utility would be
able to sell less electricity or gas with no corresponding loss of revenue, while customers would benefit by
avoiding the costs of the electricity or gas that is not needed.

® Some commenters have raised an objection to decoupling, making the case that it violates a regulatory
principle against single-issue ratemaking. They note that decoupling focuses on efficiency and ignores other
sources of costs increases & decreases that are considered in a traditional rate case that may counterbalance
changes in rates from efficiency. Decoupling proponents argue that with normalization mechanisms, these other
factors are taken into account and that decoupling simply raises the profile of demand-side management’s effect
on revenue. On a regulatory theory level, they assert that decoupling meets the requirements for a “tracker”, a
ratemaking instrument designed to take into account specific issues that have effects on rates.
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risk is borne by utilities (and shared with customers via rate pass-throughs) for a number of factors that can
affect sales that are beyond the utility’s control. In both cases, the utility’s fixed costs would remain the
same, and changes in revenues would not be related to changes in underlying costs for the utility to provide
service. Some argue that because decoupling constrains the utility’s revenues to “normal weather” levels and
economic trends, theoretically the utility’s business and weather risk conveyed in rates for fixed costs is
eliminated entirely. They have raised a concern that this represents a shift of risk from the utility to
customers.

One of the main reasons some Public Utility Commissions are reluctant to explore decoupling is the concern
that revenues could remain stable for utilities even if weather or business factors cause customer rates
to inerease or to incur large balances in deferral accounts, illustrated by Maine’s experience in the 1990’s
(see box, this page.)

Proponents assert that decoupling
can use normalization
mechanisms to eliminate these
risks or assign them appropriately,
and some State experiences suggest
that decoupling may not shift any
risk to consumers.  California’s
Electric Rate Adjustment
Mechanism (or ERAM, which
operated between 1981 and 1996)
adjusted the target revenue based on
factors affecting the cost of service
which were beyond the utility’s
control, such as inflation or weather.
A 1994 analysis of California’s
program found that “the record in
California indicates that the risk-
shifting accounted for by ERAM is
small or non-existent and, in any
case, ERAM has contributed far
less to rate volatility than have
other adjustments to rates, such as
the fuel-adjustment clause.” The
analysis concluded that California’s
decoupling created lower risks for
consumers (that they could be faced
with unexpected bill increases) and
profit risk reductions to utilities (who could be assured of fixed cost recovery, even in the face of efficiency
improvements) (Eto et al, 1994).

The authors went further, undertaking a statistical analysis to calculate the dollar value of risk from shifts in
weather and economic activity under decoupling in a hypothetical case. Based on these estimates, the
authors concluded that with the normalization procedures used in this decoupling structure, the quantitative
risk burden transferred to consumers would be one-fifth of one percent of electricity revenues from each of
those customers — a $2 risk-shifting burden on a $1200 annual bill. (Eto et al, 1994)

Consolidated Edison in New York had a similar mechanism in place from 1993 to 1997. The rate variability
under this system suggests that rate impacts were minimal here as well. In 1993, a shortfall with just under
3% effect on rates was collected from customers, and rates went up. For the next four years, over-collections
occurred, and rates went down just under 1% per year. (NRDC, 2001)
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Under some decoupling mechanisms (such as some of those implemented in the Pacific Northwest) the
revenue target can be adjusted to accommodate unexpected weather patterns. Northwest Natural Gas
in Oregon, for example, subtracts an estimated sales impact for weather from its periodic adjustment. A
more complex, but comprehensive, approach is called “statistical recoupling,” in which weather, fuel costs,
economic changes, and the number of customers is modeled, and that model is used to determine the revenue
target. (Eric Hirst, 1993)

Some have raised a concern about statistical recoupling and other economic and weather normalization
methods, commenting that adding these systems makes decoupling so complicated that its
administrative and accounting burdens can outweigh its benefits, or that it can be manipulated to
allow “over-earning” by utilities. Some proponents of decoupling respond that weather and economic risk
is already shared with consumers through rates, and that the traditional rate case structure simply delays
accounting for these costs (or revenues) until the next rate case. Moreover, weather normalization
computations of some type are universally included in the determination of the revenue requirement in each
rate case, with about half of the States allowing normalization adjustments between rate cases.

8. Will decoupling discourage utility companies from cutting their costs? No. Concerns
have been raised that to the extent that utilities become isolated from possible changes in revenues, they have
little motivation to lower their costs in order to meet their revenue requirement. However, because
decoupling affects only revenues, the utility remains at risk for any changes in costs. Decoupling
proponents argue that the rate case mechanism underlying decoupling continues to ensure that utilities strive
to control fixed costs that cannot easily be reduced to the greatest degree possible. They note that
performance indicators can also be included to identify when cost reductions have arisen from a decreased
level of service rather than from gains in efficiency.

One solution pioneered by New Jersey in its Conservation Incentive Program allows gas utilities to adjust
their rates to account for changes in consumption resulting from efficiency efforts, but the adjustment is
capped at the amount of verifiable supply cost reductions achieved by the utility. (Fox et al, 2007)

9. Can a utility increase its profitability with decoupling? Yes. With a per-customer form of
decoupling, utilities receive their revenue from customers that cover the fixed costs of service, and that cost
of service includes a rate of return that contributes to profits. In other words, instead of making more money
by selling more kilowatt hours or therms, utilities would make more money when they increase their
customer base, regardless of whether there is a corresponding increase in sales. Alternatively, if the utility
can find a way to improve its efficiency and thereby lower its cost of service without decreasing its
number of customers, it has an opportunity to improve its bottom line. Under decoupling, the primary
driver for profitability growth is the addition of new customers, especially in areas where the addition of new
customers does not carry high infrastructure addition costs. In these cases, the customers who would bring
the greatest potential profitability to a utility are those who are the most energy efficient, since they can be
added with the lowest incremental addition to the utility’s cost of service'®.

As noted before, decoupling can reduce risk for the utility by ensuring that its revenues and return on
investment remain stable. A lower risk-profile should make the cost of capital lower for the utility''.
For investors, this can be realized through an increase in the utility’s debt/equity ratio, a decrease in the
return on equity, improved debt ratings and credit requirements.

' Again, this may reflect differences between regions and sectors: where unexpectedly adding new customers
brings significant new operating costs not anticipated in the rate case, the outcome may be different and, as would
occur in traditional ratemaking, could trigger a rate case.

& [lustrating this, one utility has proposed a lower target return as part of its decoupling proposals in MD and DC.
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10. Is decoupling different for gas than it is for electricity? Decoupling is fundamentally the
same for both gas and electric utilities. They both share similar cost structures which are dominated by high
fixed costs. However, the two industries are facing different underlying trends in customer revenues. While
the gas industry generally faces declining average revenues per customer over time, the electric industry is
experiencing increasing average revenues per customer. As a result, gas utilities tend to face revenue and
profit erosion between rate cases, while electric utilities garner increasing revenue and profits between rate
cases. Decoupling has the effect of eliminating most of these effects. As a result, gas utilities have tended to
be more open to implementing decoupling than have electric utilities. However, a small but growing number
of electric utilities have either implemented, requested or are investigating decoupling. Some have suggested
that this could be partly in response to longer-term expectation about capital expenditures and environmental
costs. Energy efficiency may be a cost-effective way to avoid potential future risks such as carbon
regulation. In addition, recent policy initiatives at both the federal and State level have embraced energy
efficiency as a high priority resource'”. If energy efficiency is deployed more widely in the future, electric
utilities may become more interested in decoupling.

11. Would decoupling work the same for regulated and deregulated States? Broadly
speaking, utilities in deregulated markets appear to be more vulnerable to revenue losses incurred by
decreased sales from efficiency than utilities in vertically-integrated markets. In the 2006 report on the
National Action Plan For Energy Efficiency, the authors note that “once divested of a generation plant, the

2 For more on energy efficiency as a high priority resource, see the National Council on Electricity Policy’s study
for DOE’s Section 139 Report To Congress (2006) and the National Action Plan on Energy Efficiency, (2006).
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distribution utility is a smaller company (in terms of total rate base and capitalization), and fluctuations in
throughput and earnings have a relatively larger impact on return.” (NAPEE, 2006)

In States where distribution utilities purchase most or all of their commodities from a wholesale market,
decoupling would be integrated into the largely-fixed cost structure of the distribution utilities. In States with
vertically integrated utilities, decoupling can also be applied, but care must be taken in the rate case context
to accurately separate fixed costs from variable costs, applying the decoupling adjustments only to the fixed
costs. In all other respects, decoupling is applied in the same manner in both types of situations.

12. Where can I find out more? This FAQ was authored by Miles Keogh of NARUC’s Grants &
Research staff with funding from the U.S. Environmental Protection Agency. It was developed through
research, interviews, and input from a number of parties, including the staffs of the New Jersey Board of
Public Utilities, Massachusetts Department of Public Utilities, Arizona Corporation Commission, US
Environmental Protection Agency, North Carolina Attorney General’s Office, and Public Service
Commission of the District of Columbia. Oversight was provided by Commissioner Rick Morgan of the
District of Columbia PSC, and technical assistance came from Wayne Shirley of the Regulatory Assistance
Project. More resources on decoupling are included below.
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CHAPTER 1

Introduction

Introduction and Purpose

For more than a century, the electric power industry has supplied the United States with abundant and
reliable electricity. The industry that brought “smokeless light” to American cities in the late 1800s now
supplies the power for more than 176 million personal computers and a national network of 208 million
cellular phones, contributing to both industrial productivity and consumer comforts that enhance our
standard of living.

The power industry now faces an unprecedented challenge. At a time of record high fuel prices, historic
environmental challenges, and industry structural change, the nation’s demand for reliable electric power
continues to grow. While much of the nation’s power infrastructure is aging, the industry must keep up with
the need for more capacity, increased reliability and power quality, and lower environmental impacts. Thus,
the industry must invest in a new generation of power plants, environmental controls, transmission lines, and
distribution system expansions and upgrades.

While these new investments will maintain reliability, diversify our fuel mix, and increase environmental
performance, they come with added costs. Electricity price increases are occurring across the United States,
among all types of electricity providers, to one degree or another. The extent to which increasing utility
costs are recovered in rates will determine the financial condition of the industry and affect its ability to
make future generation, transmission, distribution, and environmental investments in a timely manner.'
With appropriate rate treatment, the industry will continue to provide reliable services at reasonable costs.
Conversely, if segments of the industry become unable to finance new investments in a timely or cost-
effective manner, the ultimate costs will be borne by the local economies and consumers served by these
utilities, as well as by utility shareholders. Failure to receive adequate rate treatment could impact the
quality of service, impair the ability of the utility industry to meet growing demands for clean, reliable
power, and undermine the financial health of the utility industry.

This report examines the factors underlying the recent increases in electricity prices and the potential impacts
of these factors on the industry’s financial condition. We focus primarily on cost changes experienced over

the past five years and the projected trends in these costs over the next decade. The trends we examine affect
all electricity suppliers, while the focus of this paper is the impact of higher costs and capital expenditures on

' Throughout this report, electricity rates will refer to the retail price of electric service provided by utilities subject to cost-
based regulation, including utilities with residual, regulated services in restructured states. The term electricity prices is
broader, and includes both regulated rates and retail prices charged by electricity suppliers not subject to cost-of-service
ratemaking.
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rates that require regulatory approval. Our analysis examines the investor-owned segment of the industry as
a whole, using a national perspective. While the circumstances of each provider’s costs and prices are
unique, and must be considered individually, several common factors and trends are influencing the entire
industry. Nevertheless, the analyses and conclusions in this report should not be construed as applying to any
particular utility without further careful consideration.

Overview of Findings

Fuel and Purchased Power Cost Increases Have Been Enormous and Are the Largest Cause of Recent
Electric Cost Increases. On an industry-wide basis, our analysis finds that fuel and purchased power costs
account for roughly 95 percent of the cost increases experienced by utilities in the last five years. The
increases in the cost of these fuels have been unprecedented by historical standards, affecting every major
electric industry fuel source:

= Natural gas, which accounts for nearly 20 percent of all generation, experienced a more than 100-
percent increase in spot prices between 2003 and 2005 and a more than 300-percent increase since
1999. Real natural gas prices are now at their highest level in modern history. High and volatile gas
prices have a particularly strong impact on electricity prices because gas-fired generators set the prices
for a large percentage of the time in many short-term or spot power markets around the country.

= Qil, which is still a significant utility fuel in several parts of the country, is now at record price levels.
The prices of oil-based fuels delivered to electric generators rose about 50 percent between 2003 and
2005, and are now at the highest nominal levels ever recorded. Increased oil prices also have a
significant impact on other fuel costs; for example, they drive up the costs of mining and shipping
coal.

s Coal, which accounts for half of all power produced in the United States today, has risen 20 percent in
delivered price in the last two years alone. In some areas, the increase has been much higher. For
example, spot coal prices from the Powder River Basin have increased about 100 percent since 2003.

= The price of uranium, the primary component of nuclear fuel, which represents 19 percent of all
generation, also has increased by about 40 percent since 2001.

These fuel price increases, in turn, have impacted the cost of power purchased by many utilities. The price
of purchased spot power has increased between 200 and 300 percent in many power markets across the
United States. Finally, the industry is using increasing amounts of renewable and distributed generation
resources, which have valuable attributes but generally cost more than conventional energy sources.

Additional Generating Plants Will Be Needed To Meet Demand. The Energy Information Administration
(EIA) and the North American Electric Reliability Council (NERC) both project that more than 50,000
megawatts (MW) of new power plants will be needed to meet demand growth through the year 2014. There
are several aspects of the next wave of generation investments worthy of note:

= Prompted by recent natural gas prices and prospects for continued demand growth, new baseload coal
plants are being proposed and/or built for the first time in more than a decade. More than a quarter-
century after the last nuclear plant was ordered, new nuclear plants are under active consideration.
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The Energy Policy Act of 2005 (EPAct 2005), in conjunction with other federal programs, will help
reduce the costs and risks of building these generating additions, which are larger, are more capital-
intensive, and have a longer lead time than the natural gas-fired units the industry built over the past
decade.

= New generation investment varies substantially by region and by each utility’s present fuel mix. Some
areas of the country remain chronically short on power and will need a variety of new resources to
meet demand. Other regions are now strongly reliant on gas-fired generation, and may add coal-fired
capacity to diversify the fuel mix and reduce the total cost of electricity. Finally, nearly half of the
states now require utilities to build or purchase energy from renewable electric generators, which will
help diversify their fuel mix but add to overall costs.

» Uncertainties over future fuel prices, climate change policies, technological progress in all the major
power technologies, and the impact of higher prices on power demand create substantial risks
enveloping new generation investments. These risks add to the cost of financing these investments.

= The need for additional generation and transmission capacity will be mitigated by demand and energy
reductions achieved through the price elasticity impact of rising prices and through a variety of
conservation, energy efficiency, and demand-response programs. However, there still will be a need
in the future for utilities to make major investments in generation and transmission capacity.

Increased Transmission Investments Are Necessary. After a long period of decline, transmission
investment began a significant upward trend in the year 2000, totaling nearly $18 billion in the period 1999
to 2003. A recent Edison Electric Institute (EEI) survey shows that its members have spent and plan to
spend nearly $29 billion on transmission over the period 2004 to 2008, a 60-percent increase over the
previous five years. NERC projects that almost 12,500 miles of new transmission will be added by 2014, an
increase of 5.9 percent of total U.S. circuit miles of high-voltage [230 kilovolts (kV) and above] transmission
lines.

* These increased investments are prompted in part by the larger scale of the next wave of baseload
generation additions and the fact that these additions are occurring farther from load centers. This is
creating transmission projects that are larger and more costly than the average project over the past 20
years.

= New govermnment policies and industry structures also will contribute to greater transmission
investment. EPAct 2005 creates new incentives and siting processes that facilitate and promote
transmission investment. In many parts of the country, transmission planning has been formally
regionalized, and power markets create greater price transparency that highlights the value of
transmission expansion in some instances.

Sales Growth, the Demand For Higher Quality Power, and Storm Recovery Costs Are Driving
Distribution Investment. Industry spending on the distribution systems that deliver power to each customer
has followed a generally steady upward trend for the past 20 years. Between 2000 and 2004, distribution
investment increased from about $10.5 billion to $12.5 billion, a 19-percent increase.
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a Many of these investments are in new technologies that increase the quality of delivered power to
ubiquitous digital circuits. Other investments are being made to make the distribution system more
automated, information-rich, and responsive to outages and customer needs. For example, some
automated distribution systems provide customers with the ability to monitor and control their energy
usage on specific processes and appliances, depending on real-time prices and other factors.

= Additional large distribution system expenditures have been necessitated by widespread hurricane and
storm damage experienced in the southeastern United States during 2004 and 2005, which impacted
energy and materials costs across the nation.

Environmental Investments Add Significant Costs. New environmental requirements, including recently
finalized federal rules and state-level requirements that often are more stringent and less flexible, are
prompting substantial environmental investments. These investments include more than $43 billion in
planned capital costs for emissions reduction technologies from 2005 to 2018, primarily retrofit equipment to
further control air emissions from existing coal-fired power plants. These investments, while large, could be
dwarfed by the costs of complying with potential mandatory carbon dioxide (CO,) emission reductions, as
such policies have recently been proposed and considered in Congress.

The Utility Industry’s Overall Financial Condition Is Sound, Though Not As Secure As It Had Been
Before Prior Periods of Capital Investment. With reasonable cost recovery, the industry as a whole should
have the ability to make the necessary, cost-effective investments. However, the industry has
proportionately less “headroom” to make investments without rate relief, and certain portions of the industry
are already below investment grade and therefore cannot weather greater financial impairment.

a The fraction of utilities rated BBB+ or above by Standard and Poor’s, which was 75 percent prior to
the 1990s, is now only about 40 percent. As of 2005, nearly 20 percent of all utilities were below
investment grade. The credit ratings of independent power producers are significantly worse.

s Between 1999 and 2005, interest rates, allowed utility returns on equity (ROEs), and earned ROEs all
trended downward at similar rates that enabled earned ROEs to remain reasonably close to allowed
ROEs. However, the future prospects for earnings, absent adequate rate increases, are worse. Costs
are rising much faster than revenues, and interest rates are no longer on a downward trend.

» The reduced financial stability of the industry is reflected in the “beta” of utility stocks—a measure of
the proportionate riskiness of these stocks compared to the overall market. Value Line’s estimate of
the average industry beta has increased from 0.67 in 1995 to 0.87 in 2005, an increase of nearly 30
percent in a decade.

» The operating cash flows of utilities in 2005 were insufficient to cover their capital expenditures and
higher operating costs. Utility cash flows were about $10 billion less than the sum of operating and
capital costs in 2005, and this gap could widen significantly during the next several years as regulated
utilities undertake expenditures for infrastructure development and environmental improvements.

The overall picture emerging from these conclusions is that the electric power industry faces a situation in
which significant investments are needed, and rate increases will be necessary to finance them. These
investments will diversify supply away from natural gas, reduce future fuel costs, provide greater reliability
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and power quality, and lessen environmental impacts. Without these investments, one or more of these
investment objectives will be impaired.

Electricity Remains An Excellent Value

Even with price increases, electric power continues to grow in value to American consumers and the
American economy. Since 1940, the percentage of U.S. energy consumed in electric form has quadrupled.
Electricity demand growth tracks Gross Domestic Product (GDP) growth much more closely than any other
source of energy, highlighting its role as a key driver of economic growth and productivity.

As electricity use has grown in economic value, its inflation-adjusted cost has been declining. From 1985 to
2000, average electricity prices rose 1.1 percent per year, less than half the average inflation rate of 2.4
percent. Figure 1-1 shows real electricity prices (in year 2005 dollars) by customer class over the period
1960 through 2005. After peaking in the early 1980s, average real prices had fallen by about 25 percent by
2005. And, compared with prices of other consumer goods and services, electricity prices have risen more
slowly. This is shown in Figure 1-2, which uses 1970 as a base year for price indices for electricity,
gasoline, natural gas, and medical care. Finally, despite increased household electricity consumption,
electricity bills have become a smaller fraction of household budgets. American homes use 21 percent more
electricity today than they did in 1978. Yet even with 21 percent greater use, the portion of our household
budget that we devote to our power bill has declined, from 3.7 percent to 3.0 percent over the same period.

Figure 1-1
U.S. Electricity Prices by Class of Customer (Real 2005 Dollars)
14
U.S. Average
B Commercial Price B
N U e e e e - - p BN oy - e o
Elz : \ . - U.S. Average
= Y/ Residential Price
=10 _
[
2
bt
=™
3
5 / U.S. Average s U.S. Average
b7 industrial Price Total Price
6 4 . - . e - -
4 S A o e B e e L e e o e e
< [3a] Nl o [\ uy o0 vt <t ™~ < o o (=3 () wy
O D O el o~ o~ [y o0 ] o0 N (=) (= [ [l [
2 2 2 2 2 2 2 2 & a8 2 & 2 & F 7
Sonrces. ELA Annual Energy Review 2004. EL4 Monthly Energy Review March 2006, and U § Bureau of Labor Statistics

Note. Real dollars calenlated from U.S. GDP deflator

5 N



Chapter 1: Introduction

Figure 1-2
Comparison of Electricity and Other Consumer Price Trends
(1970 to 2005)
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Americans already own an ever-growing array of devices that provide services unimagined even a few years
ago, from multi-function cell phones to MP3 players. Future American homes will contain intelligence and
sensors that will manage and reduce energy costs substantially. This will include products such as advanced
meters and “smart” appliances that interact seamlessly with the power grid and service providers.

The next power investment wave will also provide American businesses with more options and greater
productivity. Digital-quality power now represents 10 percent of total electrical load in the United States and
is expected to reach 30 percent by 2020.% At the same time, underinvestment in transmission and distribution
is estimated to cost the American economy at least $20 billion a year—a figure certain to grow if
transmission and distribution infrastructure investment does not keep pace with demand.

The Structure of This Report

In this report, we examine the causes and potential effects of electricity price increases. We begin in Chapter
2 by examining recent trends and projected changes of the two core components of most utilities’ operating
costs: fuel and purchased power. Specifically, the recent increases in the price of utility fuels—natural gas,

oil, coal, and nuclear fuel—are highlighted and explained. These increased fuel costs drive similar increases
in the cost of power purchased in wholesale markets.

? U.S. Department of Energy, Office of Electric Transmission and Distribution, “Grid 2030" — A National Vision For
Electricity’s Second 100 Years, July 2003, p.3.
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Why Are Electricity Prices Increasing? An industry-Wide Perspective

In Chapter 3, we focus on increasing demands for reliable electric power, based upon the long-term
relationship between economic growth, technological progress, and the increased electrification of the
economy. A series of demand projections are presented, and we discuss the impact of higher electricity
prices and demand-reduction and load management programs on expected demand growth.

Next, we consider the need for infrastructure investment by electric utilities. In Chapter 4, we look at
generation-baseload investment, advancements in renewables, and on-site customer generation to assist in
capacity needs. In Chapter 5, we examine transmission—the need for investment based on recent trends and
the need to enhance wholesale market operation. In Chapter 6, we look at distribution investments and the
need for better power delivery. In Chapter 7, we examine the costs incurred by utilities as they meet new
environmental requirements.

In Chapter 8, we look at the financial condition of utilities and how that condition impacts the ability of
utilities to pursue investment. We review the trends in utility credit ratings, the earned and allowed returns
on equity, and the increasing financial risks of utilities.

In Chapter 9, we conclude the report by putting cost recovery and electric rates in perspective, and highlight
the long-term benefits of making necessary investments in generation, transmission, distribution, and
environmental technologies.
